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AUTHOE'S PREFACE TO THE FIBST EDinON. 



In oflFering a new text-book to the student-youth of Grermany, 
I feel obliged to say a few words about its contents, and the 
main principles by which I have been guided in its composition. 
Pathological Anatomy is one of the youngest branches of 
Medicine. It was founded by Morgagiii in his great work : 
De sedibus et caiissis marborum per anatonieii indagatis {Venet, 
1761). It was elaborated by its founder and his immediate 
successors [represented in Germany by Johann. Fr, Meckel 
{Handbuch der Patholog. Anatomies Halle, 1804-5), Otto, and 
others], in entire accordance with the methods of normal 
descriptive anatomy. During the first thirty years of the 
present century, it came to comprise a summary of the general 
alterations to which the various organs of the body are liable 
in disease; alterations in form, size, number, consistency, 
continuity, position, relations, colour, and contents. Micro- 
scopical investigation, which supplemented the anatomy of 
Vesalius by normal histology, had necessarily to confer a like 
benefit on pathological anatomy. BohUamki and Virchow have 
rendered undying services to our science as the founders of 
pathological histology* It soon appeared, however, that patho- 
logical histology was destined to stand in a relation to morbid 
anatomy, very different firom that of normal histology in re- 
ference to normal anatomy. Pathological histology shows us 
how the coarser alterations in the size, consistency, colour, &43., 
of organs, are based upon certain definite changes in their 
structural elements; it explains the former by means of the 
latter. As time wore on, it took its place, not merely as an 
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integral constituent, but as the true centre of the entire domain 
of pathological morphology. The following treatise was under- 
taken from this point of view ; attention has accordingly been 
directed to the pathological histology in the first place, while 
the coarser data of morbid anatomy are relegated te the second. 
For the benefit of my colleagues, I may add that this book 
was written in the laboratory rather than in the study. Tlie 
number of original investigations which it embodies, must serve 
to atone for the absence of an exhaustive and uniform treat- 
ment of individual topics. 



AUTHOR'S DEDICATION TO IHEODOB EILLROIH 

{Standing in lieu of Preface to the Second Edition). 



Mt j>bab J'biend, 

I very much regret that I was away from home % 
few weeks ago, when you paid me the visit to which I had long 
been looking forward. I should have keenly enjoyed discuss- 
ing with you the great events of this most memorable time, 
and talking over the little difficulties which beset the author of 
a hand-book of Pathological Histology, when he desires to keep 
pace with current discovery. 

It is a hard thing to play the part of architect to a building, 
the materials for which exist only as a heap of stones, more or 
less roughly hewn; but for which no general plan has been 
laid down. One has to build in continual peril of having to 
pull down remorselessly to-day, what seemed but yesterday to 
be solid and enduring. Compare the section dealing with 
Morbid Growth in this second edition, with the same section in 
the first ; not one stone has been left upon another. For this 
we have to thank BiUrothj CohnJieimy Thierschj Waldeyer^ 
Strieker^ Koster^ and many others. And how long may we 
expect the present edifice to last? As you know, I am the last 
man to complain of this. But I should have good reason for 
complaint, were any one, in looking over this book some years 
hence, to forget that the views laid down in it were the views 
of the author in October, 1870. This has been done by 
some critics of my first edition. On more than one occasion, 
I have been pained to find myself regarded as '^ older^* than I 
really was, by a vigorous and energetic youth. I own that 
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1 have mjself to thank for some part of this annoyance, 
inasmuch as I have published but little beyond the present 
hand-book, during the last few years ; I found it more con- 
venient to incorporate the results of my work — ^so far as they 
were worthy of such inoorpondaon— HCito tiretmew edition of the 
hand-book, than to print them separately. I would therefore 
ask you to bear this bad habit of your friend in mind, while 
reading this new edition which belongs to yon, and to judge 
what I have written, with indulgence. 

RINDFLEISCH. 



BoKV, Ist November, 1870. 
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INTRODUCTION. 

§ 1. Everjthing that lives is subject to perpetual destruction 
and renewal of its constituent elements. These changes are 
inferred firom observation; we mark the continual adoption of 
certain substances into the organism, and the excretion of others 
in proportionate quantity ; these others being demonstrablj pro- 
duced by the metamorphosis of the living substance. 

§ 2. The human eye, even when armed with the highest 
magnifying powers, cannot detect this molecular activify of 
matter. It becomes apparent to our senses only when it is dis- 
turbed, whether in a plus or minus direction. Who can see the 
nutritive processes taking place in the fibres of striped muscle 
in the tail of a living tadpole, or note the silent coming and 
going of matter in a neighbouring connective tissue corpuscle? 
\ So long as these structures continue to exhibit, even to the 
smallest dot and line, a certain definite and familiar aspect, we 
hold this ^^morphological permanence" to be a proof that the* 
metamorphoses associated with nutrition are progressing undis- 
tarbed. It is only when we discover some qualitative change in 
the cells or other elementary parts of the organism, that we are 
made aware of some past or present change in their constitution, 
and incline with reason to the belief that such change is due to 
some alteration in the nutritive process. ' 

§ 3. Changes of this kind occur even in the normal course 
of life. The age of the body, its gradual growth and decay, are 
to some extent reflected in the condition of the tissues. We 
must distinguish in limine between two leading tendencies, under 
which all tissue changes may be grouped; these are, development 
and retrograde metamorphosis. The former teaches us to trace 
the origin and growth of the entire organism from the repeated 
multiplication and manifold differentiation of the cell ; the latter 
shows us that the infirmities and the frailty of the body as it 

1 



3 INTRODUCTION. 

grows old are associated with a more or less striking decom- 
position of its tissue elements. 

§ 4. Those alterations in the tissues which occur during 
disease are of far greater moment to the physician. Tliej are 
])recisely similar to those which occur as a consequence of age. 
Not without reason has VircJww compared the retrogressive pro- 
cesses of disease With a kind of premature old age. The ex- 
istence of the individual cell, like that of the organism in its 
entirety, must oscillate between birth and death. We must 
therefore regard development and decay as the main categories 
under which all morbid tissue changes naturally &U. But it 
would be unfair to omit all mention of the fact that the histolo- 
gical phenomena in the domain of pathology are far more various 
than those attending the normal course of growth and decay. 

§ a. Nearly every disease which is accompanied by ana- 
tomical lesions exhibits a complex co-existence and succession of 
progressive and retrograde processes. To these, taken together, 
the naked-^e appearances of a diseased lung or liver are due. 
Our task in the first part of this treatise will be to disentangle 
the threads of this complicated web, and to examine each of the 
progressive and retrograde processes singly and from every point 
of view, so that, in the second part, we may be able to construct 
the morbid anatomy of particular diseases out of elements wliich 
are already familiar. 



GENERAL CONSIDEBATIONS. 

I. THE RETROGRADE METAMORPHOSIS AlO) DEGENERATION 

OF TISSUES.* 

§ 6. The alterations to be considered in the first division of 
this work have this feature in common, that the tissues whicli 
exliibit them have lost the whole or a part of their significance 
as living and functionally active constituents of the organism. 
The degree of this loss is different in eacli case. Some lead at 
worst to a certain limited, though perhaps very considerable, 
impairment of vitality, as, e,g. amyloid degenei'atlon and calci- 
fication; others again, as, e.g, fatty metamorphosis, cause a 
gradual but complete destruction of the independent life of the 
afiecied tissue; under this head, too, we may include necrosis 
itself — Le. the case in which death precedes, instead of following, 
the structural change. 

We w^ill begin witli the last-named process. 

1. Necrosis. 

§ 7. No sooner does that peculiar inter-dependence and 
mutual connexion of the component parts of the human organ- 



* Nature begins her labours with construction ; we adopt the inverse 
-order, taking first the decomposition of structures already formed. This 
is done for convenience sake. The reader is supposed to be familiar 
"vrith normal histology, with the materials on which the processes of 
destruction and dissolution are exerted ; and, so &r, it would seem to bo 
indifferent whether we choose to start from the progressive or the retro- 
gressive series. Inasmuch, however, as we shall have to describe tho 
histological phenomena exhibited by morbid growths, such as cancer, 
throughout their entire course, a previous acquaintance with many 
processes belonging to the retrogressive series, such aa fSsbtty degenera- 
iioD, caseation, &c., is indispensably neceasaxy. 
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ism which results fix)in their genetic unitj-, and which we call 
life, come to an end, than external influences assume a dominion 
over the body similar to that which they exert over inorganic 
substances ; in other words, the only force which still tends to 
maintain the body in its previous form is the force of cohesion. 
Owing, however, to the great proportion of water which enters 
into the composition of the body, this force operates but feebly ; 
hence death is closely followed by disintegration, which, though 
at first gradual, proceeds at an accelerating rate until dissolution 
is complete. So long as the body retains to some extent its out- 
ward form, we continue to speak of it as " dead."* 

§ 8. In presence of somatic deatli the art of the physician is 
powerless. We might spare ourselves the trouble of studj^ng 
the changes which accompany the death of the tissues, were it 
not that single portions of the organism are liable to die, an 
occurrence which we call necrosis, mortification, or gangrene. 

§ 9. The death of a part is not always followed by the same 
series of anatomical changes. The variety of the causes which 
may lead to necrosis, as well as the situation and individual 
constitution of the necrosed parts, occasion very marked differ- 
ences, particularly as regards the proportionate amount of blood 
and water present, which have led to the recognition of two forms 
of gangrene, the dry and tlie moist. In the ensuing sections 
this distinction will be borne in mind ; it will be shown, however, 
that the distinction is based rather on the clinical characters and 
coarser features of the process than on its finer anatomy. 

Note. — ^A large msyority of the various forms of mortification may 
be looked upon as due to a complete arrest of nutrition. Among the 
chief conditions of undisturbed nutrition, a regular and continuous 
supply of blood takes the foremost place. If, therefore, the quantity of 
arterial blood which passes through any region of the body (thereby 
becoming venous) in a imit of time should sink below the normal 
standard, the nutrition of that region must needs suffer; should the 
current entirely cease, nutrition must cease with it. The affected part 
may nevertheless contain an excess of blood; and this may be so great 

* Inorganic nature, into whose domain the constituents of the 
organism now return, is also called "dead"; but here the term is used 
metaphorically. In common language, the word " dead" implies that a 
body, though still exhibiting the organic type of structure, is no longer 
the seat of the organic functions. 
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as to giro the part a dark purple or livid hue. In Buch a case, the 
microscope shows us an extraordinary tnrgiditj of the capillary vessels, 
associated with minute extravasations scattered throughout the paren- 
chyma ; in the smaller yeins, which are also gorged with hlood, we find 
hlood corpuscles* solitary or in rows, intercalated between the layers 
of which their walls consist. On inquiring into the cause of such a 
disturbanoe of the circulation, we commonly find that the obstacle is 
situated in the afferent arteries of the part. In a future page, those 
diseases of the vessels will have to be specially considered, which may 
give rise either to simple plugging (thrombosis, embolism) or to gradual 
contraction of the calibre of a vessel, or finally to a condition of its walls 
which so exhausts the vis a iergo of the heart in the larger arterial 
trunks that it sinks to a mere nothing in the extremities. (Special Part, 
Chap. n.). Enfeeblement of the heart's contractions, consequent upon 
disease of its muscular substance, or due to general debility, such as 
follows typhus fever, is also capable of disturbing the circulation in the 
peripheral parts of the body to such an extent as to cause mortification. 
Senile gangrene, which affects the toes, feet, and legs as far up as the 
knees, is commonly caused by the co-operation of both causes, Le. by 
changes taking place in the muscular walls of the heart, together with 
disease of the vessels. Compression of the arteries {e.g, by tumours 
from without) must naturally exert a like unfavourable influence upon 
the circulation within the area of their distribution. Tonic spasm of 
its muscular coat very rarely contracts the tube of an afferent artery so 
£Eff as to check the flow of blood through it. Yet gangrene of tbo 
extremities, following the consumption of large quantities of ergotized 
grain, is believed to be due to this cause. 

The stoppage of the blood current may also occur in the capillaries 
themselves. The most interesting example of this is when the capillaries 
of a part are compressed by exudation or morbid growth in its paren- 
chyma. So in diphtheritic inflammation, an exudation into the substance 
of a mucous membrane, or of the skin, causes death and sloughing of 
the part. Moreover, most of the necroses (so-called icarVf ox^v) of the 
osseous system come under this head; collections of pus between the 
periosteum and the bone, due to periostitis, compress the nutrient 
arteries which pass from the former to the latter, and so deprive 
the outermost layers of the bone of their supply of pabulum. The 
formation of pus in the Haversian canals will lead in like manner 
to squeezing of vessels and death of corresponding portions of bone 
tissue (caries). It need hardly be added that in these cases no con- 
gestion of the necrosed part can possibly occur; on the contrary, we 
may invariably expect to flnd a marked degree of anaamia. An obstacle 
to the escape of blood through the veins rarely causes gangrene. For, 
tc produce gangrene, it seems that the arrest must be complete; and 
this condition is hardly ever realised. At least we often see thrombosis 
of all the greater veins of tne thigh after pregnancy, without its being 
followed by gangrene of the leg. Indeed, there is only one case which 
comes under this head, viz. when a part is jammed into a dispropor* 
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tionately narrow and unyielding opening, as, e,g, a knuckle of bowel in 
the neck of a hernial sac. In this case, the yielding walls of the veins 
undergo compression before the arteries, and so the return of blood may 
have ceased long before its afflux is at all interfered with. We may 
accordingly expect to find the mortified part greatly congested. 

All the above causes of necrosis agree in maldng an arrest of the 
normal flow of blood through a part the proximate antecedent of the 
arrest of its nutrition and its life. But nutrition may also be disturbed, 
apart from any interference with the circulation, in the islets of paren- 
chyma which are included in the meshes of the capillary network. 
Nearly all such troubles, however, are developed gradually; the tissue 
changes to which they give rise contrast with the necrotic processes in 
the slowness with which life is extinguished. They wiU form the sub- 
ject of suooeeding chapters. The only true necroses which come under 
this head are those involving organs, which, like the cartilages and the 
cornea, are absolutely non-vascular, when these are wholly separated 
from their connexion with neighbouring parts by suppuration. The 
circulation through those vessels which formerly supplied the organs 
with nutrient matter is not arrested ; it is only that transit of pabu- 
lum from cell to cell, on which both cartilage and cornea depend for their 
nutrition, which is brought to a stop. 

No allusion has yet been made to those cases of necrosis in which 
the death of a part is caused by chemical or mechanical agents operating 
from without, as, e.g. crushing, concussion, desiccation, corrosion, and 
septic poisons. In these cases, we have to do with violent disturbances 
of molecular arrangement which are incompatible with the continuance 
of vital activity in any form. 



§ 10. A striking peculiarity of living tissnes is their power 
of retaining their form and characters in fluids capable of dis- 
solving albuminous substances and their derivatives. Hence it 
is a sure sign of death \vhen the tissues are no longer able to 
withstand the solvent action of such fluids. This feature is, 
common to all gangrenous changes, and it is one which is early 
recognisable ; the dead part loses its normal elasticity, its turgor 
vitalis; it becomes flabby, sofl, and doughy. Now, if a too 
rapid evaporation from the surface of the mortified part is pre- 
vented (and tliis of&ce is performed by the cuticle, when present)^ 
we find that the 81 per cent of water contained in the normal 
organism, together with the water which is set free on tlie spot 
by the very act of decomposition, is amply suflicicnt to dissolve 
all the solids of the body with the exception of the bones. Wo 
already know, moreover, that in most cases of gangrene the 
vessels of the mortified part are imusually gorged with blood. 
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Now, the blood contains more water than any other tissue of the 
body. Hence the mortified part will contain more than its due 
proportion of water, at the expense of the healthy tissues ; it is 
therefore all the more able to undergo solution in its own 
fluids^ 

The remaining naked-eye appearances are also due to this 
excess of blood. For, soon after death, the cdouring matter of 
the blood deserts the corpuscles, and stains, first the serum, and 
next all those tissues which are naturally either colourless or 
nearly so. It saturates the walls of the vessels and the lax con- 
nectiye tissue round them, so that the course of the veins may 
be traced by tiie purple streaks and patches to which the livid 
marUing of the skin in gangrene of external parts is due. 
Finally, every part becomes equally saturated with blood, the fat 
of the pamneulus adiposus not excepted. In external parts, the 
reddish serum makes its way to the surface of the cutis. The 
previous disintegration of the rete Malpighu favours a loosening 
of the impermeable cuticle, so that the accumulation of serum 
may occasionally lead to the production of what are known as 
gangrenous blebs ; more commonly, however, it simply strips oiF 
the cuticle in large shreds. In the latter event, unless evapora- 
tion be otherwise checked, a rapid desiccation of the most super- 
ficial parts — of those which are open to the air — stakes place. 
Impregnated as they are with blood pigment, they present, when 
dried, a very dark, nearly black colour (Gangrsena sicca; 
mmnmification.) Putrefactive changes are temporarily arrested 
wherever desiccation has occurred. Desiccation, therefore, is at 
once a means of killing living parts, as we see whenever a scab 
is formed, and of protecting parts already dead ftoia further 
decay. The following statements, therefore, concerning gan- 
grenous changes in tissue, are all conditional on the presence of 
water in sufficient quantity for the solution of the parts ; they 
i^ply, therefore, to gangrene of internal parts, and to that of 
external parts, in so far as these are not exposed to desic- 
cation. 

§ 11. The blood is the first of the tissues to undergo decom- 
position. A few words are enough to describe the morphological 
phenomena of the process. I have already said tliat the blood 
pigment forsakes the corpuscles and is gradually imbibed by all 
the tissues of the mortified part. We shall have to trace its 
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farther dostiny hereafter. The colourless protoplasm swells up 
moderately and ceases to be TiBible. In a short time not a 
single unaltered blood corpuscle can be found." In certain 
exceptional cases we may find blood corpuscles of an intense 
brown tint aggregated together in masses of variable size, even 
in advanced stages of morlJficaUon. The edges of such masses 
are almost always scalloped (Hg. 1, a); the outermost layer of 
P I corpuscles is seen breaking up into 

,a\r^-._. minute coloured granules; and this 
■^s mode of decomposition may be re- 
' garded as tbe ultimate fate of all. 
§ 12. Changes taking place in 
NUCLEATED CELLS Constitute a second 
group of the phenomena uicident to 
necrosis. We may start with the 
general proposition tliat the death 
of a lump of nucleated protoplasm 
is followed by its speedy dissolu- 
tion. Its disintegration is ushered 
in, and in some measure facilitated, 
by a phenomenon which we have 
the fibres of 
striped muscle as " rigor mortis," 
and which consists essentially in a 
coagulation of those semi-fluid, viscid, albuminous matters in 
which all the formed constituents of the cell — (in the present 
case the nucleus and protoplasmic granules) — are embedded. 




Gangrenona dismtegration 
of the tissaeB. a 
of asgregated blood cor- 
pnacleB ; b. Fibres of mi- 
striped muHcle ; e. Fibres , - - . , 
ofBtripedmnBolejdThoir '°"S recognised 

break-Tip into Bowman's -*-- — -^ '- ~- 

disos, jjn. 



* It has been experimentally shown hj Alexander Schmidt that jp a 
ayer of Uood barely a line thick, which is in contact with air, bat not 
allowed to evaporate, the blood corpoBclea soon disappear; in dogs' 
blood this takes from fifteen to eighteen hoars, in horses' blood about 
three days, in ox blood, however, not less than eight or ten days. The 
blood first assumes a lake tint ; we then (in the blood of the dog) see the 
blood corpnscleB first losing colonr, then changing form, and appearing 
more numerona by isolation. Tbe decolorised discs are then wholly 
dissolved. Tbe deoolorisation of the corpuscles, the passage of the 
colonring matter into the senun, and the solution of tbe colourless 
stroma, are all resnlts of oxidation. {A. Schmidt, " Minor Beaearehes in 
Physiological Chemistry." Virehoui'e Arckio, xxix) 
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By tliis coagulation the protoplasm is rendered incapable of 
movement; it stiffens in an attitude which corresponds to the 
<< quiescent state" of the cell; the granules, too, which may 
previously have exhibited some sort of molecular movement, 
become stationary ; the whole structure puts on a dull and dusty 
look,* finally breaking up into granules of large relative size, 
which then shrink and disappear. The nucleus, which was at 
first rendered more distinct, also falls a prey to this disintegra- 
tion* 

§ 13. The course of events is naturally modified in accordance 
with the previous physiological development of the cells. Our de- 
scription is unconditionally applicableto the cells of the connective 
tissue, of the rete Malpighii, and of those deeper layers of other 
epithelial membranes which correspond in position to the rete; also 
to the secreting cells of glands, and to lymph corpuscles. But 
the limitary membrane witli which the older epithelial cells are 
furnished offers a strenuous resistance to the solvent process. 
Hence these cells retain their form long after their nucleus and 
their protoplasm (here=cell-contents) have been broken up into 
granules ; so that epithelium cells, destitute of nuclei, are con- 
stantly to be met with in mortified parts. In this respect the 
cells of the epidermis take a foremost place; the duration of 
their resistance to the n^rotio process being proportionate to the 
decrree of their comification.t 

§ 14. The FIBRES OF UN8TRIPED MUSCLE, though uot eudowcd 
with a limitary membrane, retain their peculiar aspect for a com- 
paratively long time ; their nuclei are often only to be traced 
by an elongated mass of dots, while their marginal outiines are 
still as distinct as ever. The phenomena of rigor mortis have 
been but little studied in the contractile substance of unstriped 



* KiUtne failed to observe this change in the cells of the areolar con- 
nective tissue, bat he saw it in the corneal corpuscles of the frog. (W, 
Kuhne, " Besearches on Protoplasm and Contractility." Leipzig, Engel- 
mann, pp. 121-130.) 

t We must bear in mind, however, that oomification is itself a 
gradual transition from life to death. I may add, by the way, that 
daring oomification a shrinking and final disappearance of the nucleas 
may iJso be observed. 
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muscle. Our only data on tliis subject are those given by 
Heidenliain.'* He describes certain phenomena of coagulation in 
the fibres of unstriped muscle, occurring from sixteen to eighteen 
hours after death. The cells first assume a granular or sandy 
aspect, due to the presence of a countless number of minute, dark, 
punetiform bodies throughout their contents. Tliese molecules, 
which are too small to be measured, unite to form shaded figures 
of an irregular outline, which in their turn coalesce to form 
coarser, highly refracting, elongated, straight or curved particles, 
embedded in a residual substance of greater transparency. These 
particles are sometimes irregularly distributed throughout the 
cell, sometimes disposed with tolerable regularity in transverse 
lines equidistant from one another, giving the cell a coarsely 
striated appearance (fig. I9 &). I can confirm these statements 
irom observations of my own. This mode of decomposition may 
constantly be observed in cases of so-called softening of the 
stomach; a tumefaction and solution of the gastric walls, formerly 
regarded as due to disease, but which is now known to be of 
post-mortem origin {EUdsser — fig. 1, h\ Tlie altered mus- 
cular fibres are farther destined to be converted into a viscid, 
mucoid substance, in which, however, the dot-like bodies de- 
scribed above long continue to be visible. 

§ 15. The phenomena of necrotisationnn the fibres of striped 
MUSCLE are far more complex than those which have just been 
described. This is a fit occasion ior discussing the phenomena of 
rigor mortis in greater detail. From twelve to fourteen hours 
after death, all bodies, with the exception of those killed by charcoal 
fumes, sulphuretted hydrogen, or lightning, or which have suc- 
cumbed to putrid fevers and the exhaustion of lingering maladies, 
pass into a peculiar state of rigidity M^hich lasts for about twenty- 
four hours, and which resolves itself, on closer investigation, into 
a well-marked shortening, thickening, and stiffening of the 
voluntary muscles. We find a like state of the muscles in limbs 
whose blood supply has been verj- suddenly cut off; and we can 
induce it experimentally, not only by cutting off the supply of 
blood, but also by tlio application of heat and cold, by over- 



* Heidenhain, " Coagulation of the Conteftts of the Contractile Fibre 
Cells after Death." (Researches in the Physiological Institute at Breslan, 
i. 199.) 
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exertion, mechanieal violence, and ehemical agents, and most 
rapidlj of all, by means of distilled wator. 

Nmnerons researches, the latest and most exhaustiye of which 
we owe to W. Kuhne (L c), render it certain that this rigidity 
of the mnscular fibres is immediately dne to the precipitation of a 
solid albnminoQs constituent finom the mnscnlar flnid. This muscle 
clot (myosin of Kuline) forms a white and not very transparent 
mass, and so causes marked opalescence of those muscles which 
are in a state of rigor mortis, comj^cated, moreover, by a shade 
of brown. 

Now, although rigor mortis is the first st^ towards death, 
it is a step which is not irretrievable. It is quite possible to 
throw a firog's leg into a state of rigor mortis by tying the 
afierent vessels, and then to watch it resume its normal condition 
on removal of the ligatura Should the case be one of per- 
manent death of the muscular fibre, the rigidity is followed by 
decomposition. The naked-eye phenomena of this farther change 
are, first, the fading of the bright red colour of the muscular 
tissue, which is replaced by a dirty red, or yellowish grey tint, 
unless it happen to be saturated with dissolved hsBmatin ; 
secondly, the cohesion of the musde is impaired to such an 
extent that it finally becomes converted either into a greasy, 
jelly-like mass, in which no trace of its former fibrous structure 
can be detected, or into an easily torn, dirty grey, tindery sub- 
stance, in which some indications of longitudinal striation are 
still to be found. The microscopic appearances are even more 
constant The transverse striae and nuclei are masked by a 
cloud of minute dark specks; oil globules, and granules of 
reddish pigment appe^ partly within, partly outside, of the con- 
tractile substance ; the latter is torn across at intervals ; the 
fragments melt away firom their edges to their centre ; the sarco- 
lemma holds out Imigest, and when it finally succumbs to the 
common fate, it contains only a few small, shapeless fragments 
of its former contents, which mingle with the xest of the debris 

(fig. 1, cy 



• FaXk states (GentraUAatt, 1866, p. 434) that the transverse strim 
approach nearer to each other before they are swallowed ap in the cloud 
of granules, and that the complete solution of the fibres is not infre- 
quently preceded by a longitudinal splitting of the contractile substance. 
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It is onlj when the above mentioned jeDj-like condition of 
the decaying fibres is especially well marked that we may expect 
to find the manner of their dissolution somewhat modified. It 
was in a case of fiurly circumscribed gangrene of half the foot, 
due to firost-bite, that I first noticed that condition, and with it a 
break-up of the fibres into Bowman's discs ; since then I have 
had an opportunity of confirming mj original observation 
<fig. 1, d). 

§ 16. Nothing is at pres^it known about ihe necrosis of 
NEBVE-CELLS, and very Httle about that of the peripheric nebve- 
FIBRES. We know that the thicker nerve-trunks maintain them- 
selves in the interior of gangrenous parts for a relatively long 
time, while, on the other hand, their finw branches undergo very 
rapid decomposition. It is probable, firom the analogy of rigor 
mortis, that a coagulation of the medullary substance precedes 
any farther changes. Accordingly the fluid matter between the 
axis <7linder and the neurilemma, which is normally quite homo- 
geneous, runs together to form globules of various sizes, which 
are separated by a dear fluid. The dark and wavy outlines of 
these drops impart a highly irregalar aspect to the entire fibre 
{fig. 8, a), which has not inaptly been compared to the spiral 
curls of smoke firom a pipe. We are still ignorant of the 
chemistry of the phenomenon ; we do not know whether the 
drops of myelin ( Virchow) are to be viewed as a deposit fi'om 
the medullaiy substance, or merely as a change in its mode of 
grouping,* the observation itself being as old as LeeuwenltoeL 
The fiurther progress of putrefaction is indicated by a general 
tume&ction of the nerve-trunk, in consequence of which the 
individual fibres grow very dim and the neurilemma indistinct, 
while the axis cylinder entirely disappears. Complete liquefac- 
tion occurs at some points sooner than at others ; this gives the 
fibres a varicose appearance, like that presented by the fibres of 
voluntary muscle shortly before their complete disintegration. 

§ 17. The adipose tissue plays a far more important part in 
the course of mortification. The liquid oil readily escapes 6rom 



* Q. WaUer suggests (in Virchow^a Archive zx. 426) that a ooagolation 
of the albuminoid substances present in the medullary sheath may cause 
the separation of the oily matters soluble in ether, the latter uniting to 
form globules of appreciable size. 
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the cells whlcli normally contain it; the liberated oil globnlcs 
coalesce to form larger drops, giving the sanies gangrcmosa (§ 22) 
the pecoliar aspect of an emulsion, and permeating all the mor- 
tified tissues so thoroughly, that it becomes veiy difficult to get 
a specimen all whose chinks and crevices are not occupied by a 
countless multitude of oil globules. 

If we bring the adipose tissue itself under the microscope, 
we hardly see a single fat-cell which still retains its no^rmal 
amount of oil ; it must, however, be added that it is equally hard 
to find one which has parted with the whole of its contents. The 
contained oil globules are mostly reduced to half their usual size ; 
they are often broken up into smaller globules. This residual 
oil is peculiarly prone to imbibe haematin, so that not only the 
cell membranes and the lax connective tissue between the clusters 
of fat-cells, but the entire panniculus adiposus becomes stained 
of a red, or reddish yeUow colour. Crystals may form in the 
Interior of the cells ; but they are far more often to be found in 
the oil* which has been set free ; hence they are a constant ingre- 
dient of the gangrenous sanies (see § 23). 

§ 18. The first change exhibited by the fibres of the loose 
CONNECTIVE TISSUE is a simple swelling. This does not add to their 
transparency, like the swelling caused by acetic acid ; on the 
contraiy thqr become more opaque, and refitict light more 
highly. This change is usually associated with the imbibition of 
blood pigment, alluded to above, the depth of colour produced 
varying inversely as the amount of water present. For it need 
hardly be explained that the degree of swelling is exactly pro- 
portionate to the quantify of water in the tissue. The evaporation 
and re-absorption of the fluid firom the parenchyma are at once 
announced by a corresponding desiccation of the fibrillar of the 
connective tissue. The coal-black substance into which the cutis 
is converted by dry gangrene exhibits, in fine sections, a ruby- 
red colour by transmitted light 

Should the fibres continue to swell, they become granular, 
their outlines wax indistinct, and they finally melt away into a 
turbid slime. 

§ 19. The formed constituents of the connective tissue ofier a 
far more vigorous resistance than its basis substance. I refer less 
to the glassy, homogeneous membranes (capillaries, tunicas pro- 
prias, basement membranes), concerning whose fate during mor- 
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tification we possess no reliable data, than to the fibres akd 
NETWORKS OF ELASTIC TISSUE. Their notorious indifference to 
chemical reagents of all sorts is equally shown towards the 
feebler agencies at work daring mortification. The phjrsician 
confidently anticipates that pulmonary gangrene will reveal itself 
without the possibility of error by the appearanoe (among other 
symptoms) of the elastic elements of the lung tissue in the 
patient's sputa. Should the elastic fibres, however, become 
involved in the destructive process, they begin by losing their 
normal elasticity; they become limp'; often, too, they swell, and 
may ultimately be converted into a jelly-like substance. 

Those firmer and more compact fibrillsB of connective tissue 
of which the tenpoks are composed, and which also occur in 
fibrous membranes (dmra mater, tendinous, muscular and arterial 
sheaths, periosteum), behave like the fibres of yellow elastic tissue. 
The first indication which these structures (I refer more par- 
ticularly to the tendons) present of being involved in moist 
gangrene, consists in an unravelling of the parallel bundles of 
fibres from one another ; this must be ascribed chiefly to soften- 
ing and disorganisation of the connective tissue intercalated 
between ihem, in which the vessels run. At a later stage, how- 
ever, the so-called secondary and tertiary fibrillae are separated 
from one another, and the tendon is converted into a shaggy 
mass of fibres, which bears the same relation to its normal struc- 
ture that carded hemp bears to a well-twisted rope. Even in 
this stage, however, the tendon, as a whole, is not easily torn ; 
it is only at a much later period that the fibres begin to break 
up into single granular and beaded strips ; these, in tlieir turn, 
melt away into molecules of minute size, and so become in- 
visible. 

§ 20. Cartilage is one of the most indestructiUe tissues of 
the body. The chemical composition of the inter-cellular sub* 
stance is very stable, and this, perhaps, is the main reason why 
large pieces of cartilage, e^g. detached articular surfaces, resist 
necrotic diBintegration for long periods of time. When this 
ultimately prevails, it mostly takes the form of a gradual peri- 
pheric liquefaction, daring whidi the cartilage becomes trans- 
parent and assumes a reddbfa tiugeu This colour cannot certainly 
be suj^K)8ed to be dne in all eases to imbibition of tlie red 
colouring matter of the blood ; this hypothesis is discredited by 
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the fiict that the tint in question is constantly exhibited by the 
cartilages of the larynx and trachea, when these are isolated by 
suppurative perichondritis. The microscope displays a granu- 
lar opacity of the inter-cellular substance, which melts away at 
its edges into a gelatinous mass. The cartilage cavities are 
generally fall of oil globules, due to £gitty degeneration of the 
contained cells ; these oil globules are set free when the tissue is 
finally dissolved. 

§ 21. Bone tissue remains unaltered during necrosis. The 
surgeon who, amid the most striking variety of inflammatory and 
ulcerative changes in a bone, recognises a portion of it as the 
dead part, the sequestrum, by its smooth surface and unaltered 
form, has every reason to rely on the ti*uth of the above state- 
ment Meanwhile, it is right that we should clearly understand 
how &r we may apply this doctrine of the ^' unaltoed state'' of 
bone tissue in its literal sense. Of course we must always be 
prepared to meet with those changes in the fragment of necrosed 
bone which are common to all the bones of the skeleton during 
somatic putrefaction. Cells, vessels, and medullary tissue all 
disappear. It would seem, farther, that a great part of the 
organic matrix, the bone cartilage (ossein), is destroyed by 
putrefiK^tion, the amount destroyed being proportionate to thus 
length of time during which it has been exposed to the disor- 
ganising influence. But for this it would not be possible to 
account for the notable fact that the specific gravity of sequestra 
is always tar below that of normal bone. Cases occur, more- 
over, in which the sequestrum, owing to a gradual corrosion of 
its surface, loses not only its original polish, but also a part of 
its bulk. Indeed, it is hard to see why complete solution of tlie 
necrosed bone tissue should not take place under suitable con- 
ditions. The presence of even a minute proportion of some acid 
in the fluids of the part would suffice to bring this about ; and 
the earthy salts once dissolved, the residual ossein would not <^er 
any greater resistance to putre&ction than articular cartilage and 
other allied structures. In the meantime, we must rest content 
with the £ict8 as they stand. As regards the mode in which the 
disintegration of bone takes place (whidi, be it said in passing, 
is nearly the same in dead as in living bones), this will be 
dealt with elsewhere. (See softening of bone, rare&ctive ostitis, 
&c) 
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§ 22. Having thus reviewed the various modes in which the 
individual tissues break up, let us glance at the fluid which is 
from henceforth their conunon rendezvous, and which may be 
regarded as the organism in solution, though of course not in the 
sense in which MoUschott has employed the phrase to designate 
the blood. The composition of the sanies oanoil£KOSA naturally 
varies with its place of origin ; mortification of lung tissue will 
obviously yield a fluid difiering in some respects from that 
which residts fix>m gangrene of external parts. We may say 
generally, that it has a foul odour and a loathsome greyish 
yellow colour ; the latter assuming a rosy hue on the addition of 
nitric acid, as was first noticed by Virchow. Even its reaction 
is not always alkaline. This, together with all the other difler- 
cnces exhibited by various specimens of the fluid, is due to 
diflbrences in its chemical composition, to which we will therefore 
first devote our attention. 

§ 23. We have already seen tliat the putrefactive process 
may physically be defined as a solution of the constituent ele- 
ments of the body in water ; chemically, it may be viewed as a 
new combination of the elements among themselves, and with 
the oxygen of the atmosphere. Every chemical substance which 
enters into the composition of an organ is in a state of perpetual 
tension; i.e, its atoms tend spontaneously to group themselves 
otherwise than they are grouped. Life consists in their inability 
to carry this tendency into efiect ; their doing so is a sure sign 
of death. A series of decompositions and recompositions ensue, 
which difler for all the different constituents of the body, such 
as albumen, fat, &c, but all of which ultimately issue in the for- 
mation of carbonic acid, ammonia, and water. As this series of 
phenomena is attended by a large consumption of oxygen, it 
might be regarded broadly as a process of slow combustion 
(eremacausis). The transitional compounds, of which there is 
undoubtedly a great variety, are still to a great extent unknown. 
Some are volatile, and when produced in abundance give rise to 
the emphysematous variety of gangrene (JRxiuschbixLfid) i they 
cause the stench which offends our nostrils (sulphuretted hydro- 
gen, ammonia, hydrosulphate of ammonia, valerianic and butyric 
acids) ; otiiers are non-volatile and soluble in water ; others 
again are deposited in a solid form, so that after the complete 
disappearance of the structural elements of the tissues, a new 
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Fig. 2. 



set of microsoopic objects make their appearance ; of these the 
following present most points of interest : 

a JjEUCiSy prodaced in gangrene of the longs, liver, spleen, 
and pancreas ; it separates in the form of a whitish, opalescent 
sabstanoe, in homogeneous drops or spherules, or in concen- 
tricallj laminated corpuscles, or finally in knobs of slender, 
needle-shaped crystals (fig. 2, a).* 

fi Ttbosih, commonly found 
with leucin, in the form of white 
needles with a silky lustre ; these 
are either solitary, or when of 
considerable length and thickness, 
united to form sheaves and stars 
of great beauty (fig. 2, 5). 

y Mabgabin. a crystalline mix* 
tore of two solid fats, stearin and 
palmitin. It is peculiarly abundant 
in mortified tissues. It occurs in 
needles, either isolated or in clusters 
radiating firom a common centre 
(fig. 2, e). 

S Triple Phosphatb — ^ammo- 

niaco-magnesian phosphate— occurs 

only in alkaline or neutral sanies. 

The forms which it most firequently 

assumes are modifications of the 

rhombic vertical prism, which - i /vi i • - .v 

11 1.1 in r J /IS o ^ corpuBcles (black pigment) ; 

closely resemble coffin hds (fig. 2, d). /. \ibrioneB, rh- 




Prodncts of gangrenouB de- 
composition, a. Leucin; b, 
I^rosin ; e. Fat-crystals ; 
d. Ammoniaco - magnesian 
phosphate ; a. Ghuigrene- 



* Virchow sajs, with reference to the intimate oonnezion between 
these divers forms {Arehiv viiL 337) : " On allowing lencin to crystalliso 
from Bolntiozi, we always see, to begin with, very minute ronndish gran- 
ules appearing in even the smallest drops of a viscid material, diflfering 
firom oil globules by their feebler lustre and paler outline. Two or more 
of these frequently unite to form large dmsy {ue, studded with minute 
crystals) figures, or shoot into radiating clusters. If crystallisation 
proceeds very slowly, they remain more independent ; their individual 
growth making them assume, more and more distinctly, the form of 
fiuntly yellow spherules, which often exhibit in addition a concentric 
lamination. They often show no sign of their being made up of a 
number of minute needles ; on the other hand, masses of closely-packed 

2 



18 17ECR0BIS OP TISSUES. 

c Pigment Gbanulks, which, with the exception of iron 
snlphide, are all derived from the colonring matter of the blood, 
are fomid in the shreds which float in the sanies oozing icoia 
Tascnlar parts, and in ihe tissues of such parts themselves. 
They exhibit a high degree of polymorphism. The most fre- 
qnent variety is a rost-colonred pigment, occurring in the form 
of granules, either single or aggregated, viffying from a yellow 
to a dark reddish-brown tint ; this is closely related to hsematin 
in chemical composition, and is also met with in non-gangrenous, 
so-called pigmentary metamorphoses of tissue, associated with 
hasmatoidin. It is only what are known as gangrene eorpuscles 
that are regarded as peculiar to necrosis ; -these are minute black 
particles of very irregular shape, only to be detsoted under high 
magnifying powers, and which set most reagents at defiance. It 
is by no means certain that these gangvene corposoleB are exclu- 
sively associated with putrefactive changBs; on the contrary, 
there are good grounds for believing them to be identical with 
Melanin, of which more will be aaid hereaftsr (flg. 2, ^). 

§ 24. The occurrence of living ^^rgenisms in gangrenous 
parts is deserving of especial notice. I have diown ahmidy 
that the process which we call putrefaction (Faulniss), and 
which plays so great a part in necrosis, is exclusively due to the 
presence and the vital activity of these humble organisms. 
Manifold have been the disputes as to the animal or vegetable 
nature of the minute, staff-shaped coxpusdes which we see 
in a atate of continual rotatory, gyratory, or to-and-fro move- 
ment (fig. 2, /). Even now that we know all about their 
development, this question cannot be oonsideced settled. They 
originate as follows : their germs— -dotlike particles of extreme 
minuteness exhibiting lively movements — ^settle at the junction 
of the putrefying body with the air; these germs become elon- 
gated, and undergo repeated constrictions, forming long, jointed 
threads, which are subsequently broken up into their component 
joints ; these constitute the staff-shaped Bacteria. They form a 



needles may be prodaoed* whose sar&oe is studded with distinct pro* 
jectmg points." The lai^er spherules may ako cohere. In doing so 
they flatten each other; "so that we not unfrequently come across 
sphemles flattened on one side^ which have become accidentally detached 
mountiog (fig. 2« a). 
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greasy somn on the surface of ihe putrefying substance, pene- 
tratii^ into it to a depth of sereral lines. They consome a great 
deal of oxygen, whidi they obtain for the most part firom the 
proximate principles of the organic matter, tiiereby cansing 
their decomposition. We cannot allow them to be regarded 
merely as products of pntrefaction ; neither can their presence 
upon the putrefying body be considered as purely accidental. A 

Fio. 3. 
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(1) Spores and mycelium of Bothrytis actnonim cultiYa- 
tion in an infusion of flesh. <i. A recent spore; h. The 
same after four hours; ^ After forty-eight hours, hoth 
corered with yibriones, viv- (2) Vibriones set fine in an 
infuBion of flesh from the mycelia of mucor, ^. (3) 
Growth of yeast from germs of yibriones. a. Grerms; 
&, c, d The same as Tesides which progressirely increase 
in size, ultimately forming the well-known cell-colonies of 
yeasL (After JDuiMV.) 

body may undoubtedly nndergo decomposition in other ways as 
well, but it can only ^^ putrefy" with the aid of Bacteria. 



2. CONDITIOHS OF INVOLUTION. 

A. Faiiy DtgeMfCtmu 

§ 25. I have chosen to term the tissue changes, to which the 
following paragraphs will be devoted, ^' conditions of involu- 
tion," implying thereby that they agree in the association of a 
gradual metamorphosis and final annihilation of normal structure, 
with a corresponding diminution and final abolition of the normal 
fimciioii of the affected parts. 
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§ 26. This definition applies in the first instance to a meta- 
morphosis of CELLS, which is characterised bj the appearance of 
oil globules in their interior, and which has therefore been called 

FATTT DEGENEBATION. 

There was a time when men disputed whether the dark- 
bordered droplets of oil, white bj reflected light and soluble in 
ether, originated in the cell contents, or in the nucleus, or oven 
in the nucleolus. At the present day, though no one would think 
of denying the possibility of a fatty degeneration of the nucleus, 
or of its nucleolus when present, and though we must assume 
that in every case of complete fatty metamorphosis of a cell both 
its nucleus and nucleolus are destroyed, yet it is universally 
acknowledged that the disturbance invariably begins in the pro- 
toplasm, and in the case of cells with a limitary membrane, in 
the cell contents. The protoplasm, which normally exhibits a 
very finely granular appearance, contains at first but a limited 
number of oil globules, little groups of firom two to ten being 
usually seen in the immediate neighbourhood of the nucleus. 
These globules never unite to form larger drops, a phenomenon 
which is constantly exhibited by such particles of oily matter as 
have penetrated into the cell firom without (see below, fatty infil- 
tration) ; they remain isolated firom one another by thin layers 
of protoplasm. The more numerous they become the narrower 
grows the outermost zone of the cell, which is still free from 
them ; at length this vanishes, and the oil globules reach the 
border of the ceU. At the same time the nucleus, which had 
hitherto been recognisable as a bright spot amid the dark mass 
of oil globules, and which could be rendered evident by colora- 
tion with carmine, ceases to be visible (compare with this and 
the following sections, fig. 4). 

§ 27. During the occurrence of these changes the cell has 
increased often to three or four times its former size ; it has, 
moreover, become perfectly spherical, and this, whatever may 
have been its previous shape, whether cylindrical, squamous, or 
fusiform. It is now known as a ^^ granule-cell," * and this term 



*The term "granule-cell" is decidedlj preferable to the older ex« 
pression " inflammatoiy corpuscle." Oluge, who fonnd these corpuscles 
in the long at the outset of pneomonlo infiltration, regarded them as 
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most therefore be taken to denote a spherical aggregation of oil 
globnles, held together bj an albmninoid basis. 

The presence of a large number of these granule-cells gives 
the fluid in which thej are suspended, or the tissue in whose 
interstices thej lie, a yellowish-white or butter-yellow tint 
Thus the colostrum, ue. the milk which ^ 

is secreted during the first few days . ' ' ^ 

after confinement, is not white, but ^^ gg^ ^^^ ^^ 
yellowish and glutinous : it separates ^^^ ^^ .-^V 
on standing into a dear serous portion, •^x:;«C« ^ '^ ^^ 
and a creamy fluid which rises to the '-:^^f i '^, *^a^ iV 
surface. The latter is ahnost entirely p^tty metamorphoBis. 
made up of granule-cells, which owe Epithelium of pericar- 
their origin to a fetJy degeneration SF^„JS?oite*r a. 
of the glandular epithelia, and are Cells which still exhibit 

called colostrum corpuscles. In like *^®"^ normal form and 

,, n 1 X T_ • arrangement: first ap- 

manner (to confine ourselves to physio- pearanceofoilKlobules; 

logical examples) the corpora lutea of o. Gnxivle oeSa, one of 
the ovary owe their name to a fatty ^^ "^^ndSf*" * 
degeneration of the cells of the mem- Ghrumle cells breaking 
brana granulosa, which takes place in ^P ^^ ^^7 <'«^^- 
all Ghraafian follicles which have expelled their contents and 
are undergoing retrograde metamorphosis. 

§ 28. The last stage of fatty degeneration may be appro- 
priately called ^^ emulsification." The granule cells break up, 
owing to the solution of their albuminoid cement in the sur- 
rounding fluid, which always has an alkaline reaction. A lively 
oscillation of the oil globules (molecular movement of Brovm) 
annoxmces their imminent disintegration ; the outermost globules 
next become detached from the circumference of the cell, and 
are uniformly distributed through the surrounding fluid, while 
the residual aggregate undergoes progressive diminution, until 
at length it disappears, without leaving a trace behind. (This 
succession of phenomena may be admirably seen in the cells of 
cancer juice.) The fluid emulsion in which the oil globules are 



characteristic of inflammation. They were afterwards shown to be 
nothing more than the epithelial cells of the longs in a state of fatty 
degeneration, freed from their attachments by the cedema which pre- 
-cedea the inflammation, and so destroyed. 
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now suspendedy the oily datntusy has its physiological prototype 
in the secretion of Ibe mammary gland ; the more uniform, dis- 
tribation of tiie rafiracting particles giving it a whiter, or even 
absolataly white, oolonr, just as in emulsions which have been 
artificially prepared. 

§ 29. K we inject milk into the abdominal cavity of a 
rabbit it disappears very quickly ; it is atiU. moce rapidly ab- 
sorbed from the sabcutanBoa» areolar tissue. Milk,, therefore, 
and consequently all fatty dl^frm, are capable of being absorbed, 
and are usually absorbed, unless absorption is prevented by some 
exceptional conditions. One of these, deserves especial notice, 
viz: when tixe producte of &tty d«g«ieratioa are ^Idosed in a 
cavity whose walls are in a state of inflammatory untationy and 
consequenHy inclined rather for produotive than for absorbent 
activity. Those products have, under such circumstances, to 
undergo a farther series of changes*. The fatty matters are 
partly saponified,, partly deposited in ihose solid forms with 
which we became acquainted during our study of neciosia* 
Finally, an abundant deposit of cholestenn crystaJs takea place ; 
these give the dirty-white mass (whose consistency, aooording to 
the amount of fluid present, may be either friable or pulpy) a 
peculiar lustre (atheromatous pulp — atherombrei — ^griitzbrei). 

Cholestebin, which we. now meet with for the first, though 
not for ihe last, time^ is still, notwithstanding numerous investi- 
gations, a very enigmatical substance. 

Its presence in the bmin and spinal cord, under perfectly 
normal conditions, in enormous quantity (40 parts in 1,000) 
does not allow us to dismiss it summarily as an exorementitious 
substance. Its constant presence in die biliary secretion ift 
readily accounted for by tiie fact that the bile is one of die few 
fluids which is capable of holding it in solution. Chemistry 
informs us that,. besides the bile, it is only solutions of soap and 
&tty oils which can dissolve it, and these only to a limited 
extent 

This high degree of insolubility in animal fluids is one of 
the most strikmg properties of cholesterin ; it is the cause of 
our^so often meeting with it in a solid state. 

The regular crystalline form which it assumes is that of a 
rhombic plate, whose angles are uniformly =79^ 30' and 100^ 30'. 
These plates tend to form aggregates with their longer sides 
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pumllel, boi witibont ovcfflspping each othsE at every point. 

Xbfi rarioiu and in^ereridng fomiB 

aBSomfid by this Biib«taiu» hare been 

exhaoatiTflly studied hj FtrcAow; we 

must, bowever, refer onr readers 

to the suKomfmnjing woodcut and 

to the orijpiial paper (^Virchout'a 

ArcMv, xii. 101). Micro-obemioal i 

reactions are vary oa^il in anahliiig 

Da to disdngaiBh ohc^Brtarin with 

oartaio]^ from oUiar sabotanoaa wbich 

have the same errBtallinB fiam. Theea OryataJa ofcholeBtorm, after 

•' , . , ■ FircAote. 

reactions are veiy charaotensbo. 

A drop of concentrated sulphuric acid, when allowed to flow 
gradually over the specimen, effects a progressive liquefaction 
of the oholesterin plates at their edges, and makes tbem assume 
a greasy ^)pearance. After a little while the plate becomes 
flexible and qoasi-membranous ; it is oooasionally folded on itself; 
sometimes it shrinks together ; gradually, however, we see the 
mass melting at its periphery, while a dark reddish-brown 
globule is &rmed (^Virdioa, Wurdntrger Verliandlvngm, 1850, 
Bd. i. s. 314). 

The simoltaneons action of sulphuric acid and iodine produces 
a fine blue colour during the first stages of the decomposition of 
the cholesterin. As regards the presence of oholesterin in the 
atheromatous palp more particularly, the hypothesia that it ia 
first taken up by the oily and saponaceous constituents of the 
emnlsion, and fhaa depoated when these are decomposed, un- 
doubtedly accords best with what we know of its properties ; 
bat this ia a point whiob zaqniiea fiuthar investi^ilion &r its 

{ 30. We have hitherto traced the ooaxse of fatty metamor- 
phosiB mainly aa it occurs in individual cells. We have yet to show 
how the phffiiomena of the procees are modified in acoordanoe 
with the primary modifications in the form of the corpuscular 
protoplasm. These modifications are, of course, purely morpho- 
logicaL Thus, for example, we cannot e^qieot tiie aggregation 
of &t-giannle8 io be perfectly spherical when the original cells 
are stellate, with long processes ; far removed, therefore, fi»>m 
the primitive spheroidal type. We may take the degenerated 
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connective tifisae oorposdes of the innermoet ttmio of the vessela 
as an example of the polygonal figures in which the granules 
may congregate. In lilte manner the fibres of nnatriped muscle 
retfun their primitive Bpindle shape aAer ibey are converted into 
maases of fat-granules. 

The protoplasm of the fibres of striped mnscle has a pecQ- 
liarly complex form, which is retained even after their fatty 
degeneration. The doubly refracting sarcons elements (Botvman), 
which we regard as embedded in the protoplasm, constitute, in 
their longitudinal order, the "varicose fibrillse" of authors; 
and these are so disposed in the primitive lasdoulas that their 
nodal points and their constrictions respectively lie in the same 



of&tt; degeneration, j^. 

Fattf degeneration of fibres of 
striped mnsde, f^. 

planes. Kow, if we assume that the space which is necessarily 
left vacant in this arrangement of the sarcous elements is occu- 
pied by the viscid protoplasm, we must needs infer that the latter 
forms a ^rgtem of varicose threads with chamfered edges, 
which are in contact with one another whore they axe thickest, 
in those planes, therefore, in which the varicose fibrillse are 
thinnest Larger accumulations of protoplasm exist only in the 
immediate neighbourhood of the nuclei, which displace the fibrillie 
at those points where they are embedded, producing thereby 
fusiform spaces, which have to be filled in with protoplasm. It 
is in these litUe conoidol appendages of the nuclei that the first 
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oil globules make their appearance. We see them arranged 
in very fine and delicate beaded rows parallel with the long axis 
of the primitive faseicalus, and coinciding precisely witii the 
varicose threads of the interfibrillar protoplasm. The transverse 
striaB which, after all, are merely due to the uniform arrangement 
of the more highly refiracting particles, must naturally grow 
indistinct in proportion as the yet more highly refracting fat- 
granules predominate, and so impair the effect of the groups of 
disdiadasts on light (BrUche^a disdiadast groups — sarcous ele- 
ments). In very advanced cases of the disease we see nothing 
but the oily dSris^ contained, like some fluid, in the tube of sarco- 
lemma (fig. 7). 

§ 31. The physico-chemical processes which underlie the fatty 
degeneration of cells have not, as yet, been very clearly ascer- 
tained. We may, however, repudiate the notion that the oil 
globules penetrate into the interior of the cells firom without ; 
against this view we have the fact that muscular tissue in a 
moderate state of fatty degeneration does not contain a higher 
percentage amount of fatty matter than normal muscle. The 
only remaining alternative is that the oil globules are generated 
in the cell itself. But are they to be viewed as the result of 
some disturbance in the nutrition of the cell, or as products of 
the decomposition of its substance ? The most likely hypothesis 
is that we have to do with phenomena diametrically opposite to 
those which accompany cell development We know fcom the 
composition of the yelk that the material of which the cells are 
built up consists of albuminous compounds, with a rich admix- 
ture of fatiy matter. Further, we learn by chemical analysis 
that healthy muscle contains a considerable proportion of invisible 
fatty matter ; so that we are justified in assuming the existence 
of an amalgam-like compound of fat and albumen in cells. 
Fatty degeneration would thus be a '^ decomposition" of this 
ama^m, the liberated oil appearing in the protoplasm in the 
form of globules of appreciable size. The simultaneous enlarge- 
ment of the cell is explained when we reflect that the same 
quantities of fat and albumen require more space when separate 
than in their previous state of intimate combination. 

§ 32. The minute changes which take place in the distal end 
of a divided nerve would powerfully corroborate the views 
enunciated above, were it clearly proved that the coagulation of 
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the nerve-medolla described in g 16 onght to be regarded as the 
first step in the dissociation of aa nrnfttgani of albnminoid and 
tatty matter. For, by the commoa coiiBeiit of all those aatbors 
who have occupied themselves with this eiibjeot, the sobseqaent 
changes are only a continuation, or, in othsE worda, a oarrying 
out of that still enigmatical phenomenon. 

_ ^ The lat^ dark-bordered drops of my- 
elin break up in the ooniss of from two to 
Jour weeks into globules of progreesiTely 
smaller size, whiuh can no longer be 
distingnished from oil globules, eiUier 
by their microscopical or their micro- 
chemical characters. Side by side with 
them minute protain molecules of a paler 
tint make their appearance ; a fatty and * 
granular detritus results, which remains 
enclosed for a time in the tubes of 
neurilemma, and is ultimately absorbed. 
The axis cylinder remains intact for 
about six weeks in the disintegrating 
medullary sheath. If at any time 
during this period ihe oonnexion of the 
peripheral portion with the central 
^ — stump is re-established, tiie aheatb fills 

fbrtniglit; & After axis cylinder resumes its intermpted 
three weeks; d. After ftuMj^onfl; in the contrary event it 

two monthB, yJi,, I J I-, 

becomes granular and splits up, even 
befets the absorption of the oily ddbria is quite acoompHsbed. 
The empty neurilemma now collapses into longitudinal folds, 
exhibiting here and there an elongated mass of fat granules, in 
the interior of which a nucleus may be demonstrated with 
carmine. 

$ 33. Tha &tty granular metamorphosiB, or eaatatum of oella, 
may convenimtly be regarded as a variety of &t^ degeneration. 
The latter term is that chosen by Virchmo ; it is based upon a 
close resemblanoe between the yellowish white, dense, homo- 
geneous, rotten, or greasy mass, which is the final product- of 
this metamorphosis and certain sorts of cheese. 

It used fimnerly to be thought that the substance in question 



Fatty d^eneration of 
doable-bordered nerve 
fibres in the peripheral 
part of a divided oere- 
Dro-Bpinal nerve. 
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oonld only xoBolt from antecedent tuberenloos diaeaae ; it used 
to be viewed as a direct aicretion- of the materies marbi from the 
Uoody and was hence denominated ^* crude " or ^^ raw " tubercle. 
The term ^^ tnberculisation'' was nearly synonymous witti what 
we now call caseation. Beinhard was the firat to overthrow the 
bdief in the specific character of this depesit ; he erred,, how- 
ever, in declaring it to cansist invariably of inspissated pus. It 
was reserved for Fireham to place the matter in its right light, 
by describing " cheesy necrosis" as a. tolerably widespread mode 
of degeneration of tissues rich in qbI1s» 

§ 34» The reader will reoollect that in deaciibing fatty meta^ 
morphosis,. I stated that the presence of a certain quantity of 
water waa essential for the actual disintegration, of the cells, in 
Older to dissolve the^ albuminoid material which held the oil 
^obnieft of die granule cells: together. Should this fluid be 
wanting, as happens when large masses of newly formed cells 
are traversed by few or no pervious vessels, the process of fatty 
metamorphosis is somewhat modified ; the two modes standing 
in nmoh the aame relation to one another as that in which dry 
gsngrane stands towards the moist variety. The cells dry up, 
they shrink into comparatively small, shapeless, mostly angular 
bodies^ in which, besides the oil ^obules, a conriderable number 
of granules — ^the so-called protein molecules — may be distin- 
guished. The lees the amount of water present, the. more does 
the whole wither into a dense, yellowish-white mass, in which 
die remnants of cells can be demonstrated, ev^n after the lapse 
of years* True,, we are unable to restore the withered cells to 
their old shape by the addition of water ; this usually breaks up 
the molecular aggregates, forming a sort of emulsion. Similar 
changes occur if tiie cheesy matter should subsequently absorb 
moisture and sqften in the organism itself. 

This constitutes, as we shall see hereafter, a most destructive 
episode in the history of tuberculous ; the softening occurring 
by preference in such portions of the cheeay deposit as come to 
the surfiice on the walls of the internal cavities of the body, 
whether in the respiratory or digestive tract, and are accordingly 
exposed to other sources of moisture besides the nutrient juices 
in which, they are bathed. In parts which do not communicate 
with fi«e n^ 8B in the l^phatio and meaenterio glands, 
in: the bones, the brain, and spinal cord, softening of the cheesy 
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deposits is far less common. On the contrary^ an increase in 
density, a true petri&ctiony often ensues, especiallj in cheesy 
lymphatic glands, owing to a deposition of calcareous salts in 
tlieir interior. 

§ 35. In conclusion, let us glance at the causation and the 
distribution of fatty metamorphosis. In the foregoing para- 
graphs we have often had occasion to touch on these points; 
now, therefore, we may content ourselves with a general review. 

First, then, we may regard fatty transformation as being a 
regular mode of the retrograde metamorphosis of many tissues 
which are subject to rapid nutritive change. Among these, the 
epithelial structures naturally take a leading place. If we 
moisten the surface of any serous membrane and scrape it with 
a scalpel, the fluid we obtain will seldom fail to exhibit a certain 
number of epithelial cells which have i^idergone fatty degenera- 
tion, side by side with others which are perfectly normaL 

The epithelium of the mammary and sebaceous glands is 
peculiarly liable to undergo fatty metamorphosis in the ordinaiy 
course of events ; so also that of the lungs, and the renal epi- 
thelium of dogs and cats. Whether the white blood corpuscles, 
on completion of their span of life, finally succumb to fatty 
degeneration, is a question which must be left open; it is an 
undoubted fact that a certain number of granule cells are con- 
stantly met with in the blood of amphibia ; but these may of 
course have originated in the epithelial lining of the vessels. 

The &tty metamorphosis which forms an element in senile 
decay is intimately connected with the above varieties. The 
^nfeeblement of nutrition due to old age is especially manifested 
in parts where arrangements for the transport of nutrient 
matter are most complicated by nature, and in a certain sense 
most difficult 

I allude, of course, to those great tracts of non-vascular tissue 
which occur in cartilaginous organs, and the transparent media 
of the eye. Hence it is that we so oft;en find the cells of the 
laryngeal and tracheal cartilages in old people in a state of fieitty 
degeneration, the capsules being occupied by one or more oil 
globules. To this group also belongs the arcus aenUis^ a fatty 
degeneration of the corneal corpuscles adjoining the sdero-cor- 
! neal junction, and the gerontoxon leniisj an opacity situated at the 

I junction of the posterior surface of the nucleus of the ciystalline 
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lens with its cortical portion ; an opacity which remains stationary 
for a long time, but which ultimately results in the formation of 
grey cataract 

But the non-vascular tLssues do not stand alone in this respect ; 
nearly all the tissues of the body, nay, even the vessels them- 
selves, are liable to fatty degeneration in consequence of old age 
and analogous conditions of debiliiy due to exhausting diseases. 
The muscular substance of the heart is especially subject to this 
morbid change. 

As this, however, is not the place for an exhaustive treatment 
of the subject, but only for a general review of it, I hasten on 
to the last and most important — ^namely, the exclusively patho- 
logical category of fatty metamorphoses. This includes all cases 
of disproportion between the means of nutrition and the paren- 
chyma to be nourished. Such a disproportion may be caused either 
by a diminution of the nutrient j or by an increase of the nutrient 
dum. If a minute vessel in the brain is plugged, the circulation 
in the area whjch it supplies is not wholly suspended, owing to 
the manifold anastomoses with neighbouring vessels ; neverthe- 
less, a very considerable retardation of the current takes place, 
which may even give rise to temporary stasis, and to hsmor- 
rhage ; and this suffices to disturb nutrition, and so to cause fatty 
metamorphosis (yellow softening). 

The disturbance in the circulation, associated with inflam- 
mation, exercises an influence not less hurtful upon the nutrition 
of parts. Here, too, the amount of pabulum is inadequate. 
Moreover, inflammation combines this with another cause of dis- 
turbed nutrition, Le. an increase in the amount of parenchyma 
requiring nourishment The mere oddema of the latter acts in 
this way ; but the chief £Eu^r in the production of retrograde 
metamorphosis is in this case, as in that of many tumours (e,g. 
cancerous and tuberculous formations) the massive proliferation 
of corpuscular elements. 

B. Chudy Swdlvng. 

S 36. We give this name to an acute swelling and granular 
doudiness of the protoplasmic mass, which appears to depend 
on the precipitation of certain albuminous matters held in solu- 
tion by the juices of the protoplasm. The change varies in 
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degree from a Blight, finely gmnular cloudinen, without anj in- 
crease in Yolmne or alteration in shape of the cells, to a grannlar 
opacity which entirely conceals the nndear stnictnreBy and is 
associated moreorer with a Yery nunrked enlargement and filling . 
out of the oorpuscnlar elements. The grannlar matter is dissolved 
by acetic acid ; this renders it impossible to mistake the change 
in qnestian, at least in its earlier stages, for &tty metamor- 
phosis. At a later period ;8noh a mistake is all the more likely 
to occur, inasmuch as the cloudy swelling, unless checked at onoe, 
the cells being restored to their normal condition by solution of 
the contained grannies, passes directly into fatty metamorphosis 
and consequent disintegration. 

§ 87. The pa&ologioal sigmfioanoe of dondy swelling was 
interpreted by FtrcsAoier, who was the first to describe the process 
(in die year 1850) as a imtritive irritation of ihe cells, Le. 
a stimulation of the cells ito absorb an escessive amount of pabu* 
lum. It is still admitted to be a consequence of the irritation of 
cells ; and it is notorious that the direct action of various mineral, 
vegetable, and animal poisons is capable of producing cloudy 
swelling of the glandular epithelia. {See Parenchymatous Inflam- 
mation of Liver and Kidneys.) But the question whether the pro- 
cess is active or passive in its nature tends more and more to be 
answered in the latter sense ; so that for my own part I am 
inclined to suppose a kind of corrosive action, in consequence of 
which the albuminous matters, held in solution by the protoplasm, 
undergo coagulatian, and become visible as minute granules ; the 
phenomenon being in this respect analogous to rigor mortis. 

c. Mucotie Softening. 

S 88. This constitutes another of the << conditions of involu- 
tion" to which the tissues are liable. The group of changes 
embraced imder this head involve a gradual liquefisMstion of tissue, 
rendered possible by the passage of the insoluble albuminous 
matters which constitute the cellular and intercellular substance 
into soluble modifications. Among the chemical compounds 
which result from this transformation, fnueue takes a prominent 
place, inasmuch as its capacity of swelling by imbibition makes 
it occupy a relatively large amount of apace, and so rendens it 
oonq>icnous even to the naked eye. 
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S 39. The cbemiBtrj of mnconB Boftening needs only a passing 
mention at our hands. Taken broadly, it is founded on those 
protean changes whioh the nitrogenouB, histogenetio sabstances 
imdergo in the interior of onr organism, and which manifest 
titemselves to ns m so many variations on a given fundamental 
theme, a theme for wbidi oar search has hitherto been fixdtless. 

The soluble peptones and alkaline albuminates contained in 
HiB gastro-intestmal tube are primarily oonverted into the serai- 
bmnen of the blood. This accompanies the nutrient fluid into 
'die parenchyma of idl the organs, and, on becoming solid, serves 
as material for the construction of the tissues.. We find it, least 
modified, in the protoplasm of the cells; while the collagen and 
dumdrigen of the interoellular substances diffiar markedly firom the 
albuminates in their reactions, and may henoe be termed albu- 
minoids. The transformation into mucin i^ioh collagen and chon- 
drigeu undergo during nmcoos softening, venews their affinities 
with albumen ; mucin, however, contains no sulphur; in other 
reelects it exhibits an ummstakaUe analogy to the albmninates, 
both in its ^dementary constitution and in its behaviour towards 
alkalies. All natural solutions of mucin have an alkaline reac- 
ti<m ; indeed mucin is soluble only when eombined witii a firee 
alkalL For if a solutum of mucin is treated witii acetic acid it 
grows viBoid in p ro port io n to the amount of alkali neutralised, 
until at length it separates in thick flakes. It is this last pro- 
perty whioh more especially counects mucin with the albuminates. 
For these, too, occur only in the alkaline fluids of the organism, 
and we know that some part of them at least is held in solution 
by firee alkali This part behaves almost like an organic salt, in 
which the place of the acid is taken by the albuminous body 
(add-albumin of Fanum) ; hence it is termed alkaline, or sodic 
albmninate. 

True sodic albuminate thus oonstitates the first and last mem- 
ber of the series of metamorphoses associated wi& mucous soften- 
ing. This gives a high degree of probability to that aflhiity 
between mucin and the albuminates on whichi have already laid 



Sodic albuminate difliers firom ordinary albumen by its greater 
solubility in water, and also by the greater readiness with whioh 
it parts with its water. If crystals of common salt are placed in 
a fluid containing an alkaline albuminate, the latter separates as 
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a white^finelj granular scum in proportion as the salt is dissolved. 
To this property must also be ascribed the readiness with which 
the so-called ^^ casein pellicles'' form on the surface of solutions 
of albumen in alkalies, when these are evaporated ; casein, ac* 
cording to the most recent researches, being identical with alkaline 
albuminate. The production of this substance is, therefore, the 
last step in a cyclic series of metamorphoses which begin with 
the conversion of the casein of milk (lactation) into the albumen 
of the blood (the material of which the cells, and the collagen and 
chondrigen of the intercellular substances, is built up) ; these in 
their turn passing into mucin, and so back again to casein. Phy- 
siological chemistry can point to more than one series of this 
kind. The albuminates may be converted into mucin directiy, 
witiiout passing through the intermediate stage of gektin-yield- 
ing matter, as is proved by the development of mucin in the 
epithelium cells of mucous membranes. The mucin stage, too, 
may be omitted ; we saw this in the case of fatty degeneration, 
when the protoplasm of the cells was transformed directly into a 
substance soluble in alkaline fluids, which served to hold the oil 
globules together. On the other hand the place of mucin in the 
chemistry of softening may be taken by other albuminoid 
bodies ; as, for instance, by pyin, which is developed, together 
with mucin, during the purulent liquefaction of connective tissues. 
The enigmatical albuminoid basis of colloid degeneration also 
belongs to this series ; it will have to be considered separately. 

§ 40. In proceeding to discuss the morphology of mucous 
softening, we are met by two leading problems. What are the 
phenomena attending iiie disintegration of existing tissues ? 
What new forms are produced by their metamorphosis ? 

To the first of these questions we find a definite, though per* 
haps inadequate answer in the history of mucus-formation on 
the surface of mucous membranes, and in that of the softening of 
cartilage and bone. 

It is an established fact that the mucus which covers the 
surface of our mucous membranes is produced on the spot by 
epithelial cells. By adding a sufficiency of water to the detached 
epiihelia, the formation of large spherules of clear mucus in the 
interior of the cells may actually be followed under the microscope; 
they push aside the other cell contents, together with the nucleus, 
making them look like mere appendages; they finally escape, 



MUCOUS SOFTENING. 33 

learing the bod^ of the cell in a verj mntilated condition. This 
simple experiment is enoogh to demonstrate the presence of 
macQs in the interior of the epithelial cells. We are tempted to 
see analogies between the development of macns in the proto- 
plasm of these cells, and the comification of epidermic cells; and 
tbe chemical similaritj between mucin and keratin yields especial 
weight to tliis view. 

llien indeed the development of macns might be conceived as a 
mncons transformation, and we might even assume with Frerichs, 
Donderg, and 0. Weber, that a given qoantitf of secreted macns 



Softoung of cartilage. Tertical section throogh an aitienlar 
cartilage in Bomle arthritis (malum eenila articolonun), j^. 

represents a proportionate shedding of epithelial colls, that the 
epithelial celb are actually shed during the development of mucus. 

I cannot give an unconditional assent to this doctrine. I 
incline rather to the belief that the muoos is, as a mlo, simply 
extruded from the cells, and that a total trausfomiation of ceUs 
into mncus occurs only in exceptional cases (as e.ff. in mucous 
catarrh). 

§ 41. The visible phenomena attending mucous softening of 
the matrix of cartilage are physiologically exemplified in the sym- 
pbysal and inter- vertebral cartilages. LuKhka has justly charac- 
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tensed the changes caused by age in the last mentioned structures 
as tending to produce an imperfect articular cavity (Gelenkhohle). 

The cavity is produced by a gradual softening of the cartila* 
ginous investment (iiberzug) of the opposed surfaces of adjoining 
vertebral centra. The anatomical appearances presented by this, 
as by every other form of softening in cartilage, are highly 
characteristic The homogeneous matrix exhibits dark stride 
at right angles to the free surface, which prove at a later period to 
be the initial stage in the splitting up of the tissue into fibres. 
The real fibrillation then ensues, beginning at the free surface ; 
the individual fibres separate from one another and float loosely 
in the articular fluid ; their free extremities soon become acumi- 
nated and terminate in blunt points. It is here that the inter- 
cellular substance undergoes solution in the course of mucous 
soflening. The accompanying process in the cartilage cells ex- 
hibits the characters of a progressive, not a retrograde change, 
inasmuch as a proliferation of cells by fission takes place ; 
the result being, that instead of single cartilage-cells, 
groups consisting of from two to twenty cells are formed. 
These cell-nests, surrounded by a capsule and a residue of inter- 
cellular substance, mingle with the fluid products of softening, 
where they imdergo colloid degeneration.* 

The process of softening in bone tissue is complicated by the 
necessity for a previous solution and removal of the earthy salts 
with which its matrix is impregnated, before the liquefaction of 
the matrix itself can begin. We often find, however, that these 
two processes, viz. decalcification and liquefaction of matrix, are 
so nearly simultaneous, that the bone tissue at the limit of 
absorption is bounded by aperfectly sharp line, curiously indented,! 

* I cannot assent to KdUiker*8 iogenious theory, according to which 
the numerous white corpuscles which may bo seen, even without the aid 
of a microscope, in the central jelly of the inter-vertebral discs, are 
descended from the original cells of the notochord. From the analogy 
of morbid softening of cartilage, I regard them as being nests of cartilage 
cells liberated by softening of the matrix, and subsequently affected by 
colloid degeneration. 

t What are known as Howshtp^s lacnnsa (fig. 10) are due to the un- 
equal rate at which the decalcification of the osseous tissue proceeds, 
^e direction of the stellate processes of the bone corpuscles, with refer- 
ence to the surflMse from which resolution is proceeding, seems to exert 
some sort of guiding influence in the matter. (Cf. Diseases of Bone.) 
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and that no pecnliaritj in the process of disintegration can be 
observed. In one case only, that of the atrophic disease of bone 
long known as Osteomalacia, do we find the solution of the 
earthy salts separated by a comparatively long interval of time 
from the liqaefaction of the ossein (bone-cartilage). 



JkfoUitiei oBsiom : splinter from the epongj Bubstonce of 
a rib affected witk the disease, a. "Sornal bone tiasnoi 
h. Decalcified bone tissue; c. HaTersiaa canals; d. Medul- 
lary spaces ; d*. A mednllary space filled with, red marrow : 
the lamina of the capillary vesaels are gaping, ^. 

In mollities ossinm, therefore, we are able to demonstrate in 
«ach trabecnla of spongy tissue, or of compact tissue which has 
become spongy, a broad zone of decalcified OJisein sarronnding 
the hitherto onaltered bone tissue on all sides. The ossein, which 
ia now the immediate subject of the liqnefactive process, exhibits 
a striation parallel to the lamells ; and this striation must be 
regarded as analogous te the parallel dark lines which we 
described in the matrix of softening cartilage. That the 
striation is a sign of incipient fibrillation in this as in the 
former case, we gather from the evidence of cases in which 
the bone tissue wastes and disappears nnder the pressure of 
tnmonra growing in its immediate neighbourhood. If we 
examine the bone in the vicinity of such a tumour, by 
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removing the periosteom, and then breaking off chips of the 
compact tissue with pincers, and putting tbem under the micro- 



CoDTersion of bonB into connective tiasne : & chip taken 
from a stemnm waattng nnder the pressure of an aortic 
anenriam. a. Normal bone tissue; b. Bone tissue deprived 
of its earthy solta and breaking np into fibrillfe, -jJs- 

scope, we may satisfy ourselves that tlie decalcified bone tissue 
passes directly into fibrillar connective tissue. I have convinced 
myself, by tiio examination of an exquisite specimen in the 
Pathological Museum at Giessen, tliat capsular membranes of 
tme connective tissue are developed in the interior of bones 
around centres of softening in osteomalacia, by a metamorphosis 
exactly similar to this. Within tlieso capsules the medullary 
tissue, transformed into a reddish pulp, passes by insensible gra- 
dations into a thin, colourless serum (cystoid degeneration of 
bono). 

§ 42. Tlie facts in the preceding section, drawn from the 
morbid anatomy of atrophic changes in bone and cartilage, com- 
prise what little we know of the visible phenomena of softening 
in intercellular substances generally. They consist for the most 
part of simple tumefaction with obliteration of the old forms. 
We are far more thoroughly acquainted with the new forms 
which result from the presence of mucus in the various organs 
and tissues. 

Mucus is capable of great increase in bulk by imbibition ; 
the smallest quantities of it suffice to saturate a relatively 
large amount of water. Such saturated solutions vary in con- 
sistency from a viscid jelly to a glutinous synovia, which can bo 
drawn out in threads. 
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It is still doubtful whether we are justified in calling them 
^ solutions ;" some authors wholly deny the solubQitj of mucus 
in the physical sense of the term. So much is certain, that 
mucus is a member of the colloid group of Crrtxham^* and that 
among colloids it takes a leading place Mucus possesses hardly 
any diffusive power ; this property has important bearings on its 
development in the organs generally, and it is of especial moment 
witli regard to softening. We may assert, from an a priori con- 
sideration of its colloid nature, that mucus, as such, can never 
pass from the blood-vessels into the tissues, or from the tissues 
into the blood-vessels. The homogeneous wall of the capillaries 
would not allow it to pass in either direction. 

Now, as we never find any trace of this substance in the 
blood, we are justified in assuming that mucus is invariably a 
local product, and that it w31 remain where it is first formed 
until it is either removed mechanically, or transformed into some 
material capable of being absorbed. 

This incapacity for reabsorption is of little moment when the 
development of mucus takes place on a free surface. To this 
category belong not only the physiological secretions of mucous 
membranes, in which the epithelial cells act as mucus-secreting 
organs, but also some of those processes which come under the 
head of softening, e.ff. the mucous metamorphosis of fibrinous 
false membranes, and other fibrinous deposits occurring in the 
course of inflammatory disorders of the respiratory tract But 
the incapacity for reabsorption displayed by mucus gives rise to 
marked and characteristic morphological efiects when mucus is 
developed in the interior of the body, whether in a closed cavity 
or as a substitute for tissues which have undergone destruction, 
as in the case of the softening which we are now considering. 
In such cases it qualifies mucus for the fulfilment of a task which 
is performed in a higher degree only by ^' colloid " matter. It 
enables it, namely, while itself amorphous, to form an integral 
constituent even of permanent textures, serving to fill up all in- 
terstices with its semi-fluid substance. 

* " Amialen der Ghemie u. Fharmacie," Bd. 121, s. 1. Oraham draws 
attention to the difference in diffosive capacity between colloids and 
crystalloids. The crystalloids diffuse rapidly and with ease ; the colloids 
little or not at all. To the latter category belong gam, starch, dextrin, 
macns, albumen, and gelatin (Leirmtoffe). 
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In this connexion the development of mucous tissue takes a - 
leading place. Following Virchowy we apply the name to a con- 
nective tissue w^liose matrix has undergone mucous softening, and 
w^hose corpuscular elements, owing to this softening or " swell- 
ing by imbibition/' are pushed asunder to some extent, with- 
out necessarily undergoing any alteration in their form. Mucous 
tissue is much more widely distributed in the embryo at an early 
stage of its development than in the adult organism. The whole 
of the subcutaneous areolar tissue is primarily a subcutaneous 
mucous tissue. At birth, apart from the Whartonian jelly of the 
umbilical cord, we find only one portion of residual mucous 
tissue, but that an important one, in the vitreous body of the 
eye ; this retains a singular stability of composition to the end 
of life. 

In the pathological field the production of mucous tissue is 
far more manifold. We have tumours {MyxomaUi) which are 
wholly made up of mucous tissue ; and otliers, such as enchon- 
dromata, lipomata, and sarcomata, which undergo a secondary- 
conversion into mucous tissue. Mucous tissue is a constant ele- 
ment in syphilitic gummata, and it is occasionally found in 
fungoid granulations and other growths of an inflammatory 
origin. We defer a detailed consideration of these various- 
modes of its production till we begin the study of inflammation 
and tumours. 

Of the remaining morphological efiects due to the incapacity 
of mucus for reabsorption, we need allude in this place only te 
its cystic and cystoid deposits ; the former determined by occlusion 
of the excretory ducts of glands, the latter by circumscribed 
softenings of the connective substance. The latter form, with 
which alone we are now concerned, difiers from mucous tissue in 
its mode of origin. The cells take a less neutral, and more of 
an active or passive, part in the process, in consequence of 
which they may either assume greater mobility, appearing as 
floating elements in the ^^ fluid products of softening," or they 
may undergo complete destruction. 

§ 43. Our ignorance of the conditions which determine the^ 
occurrence of mucous softening is nearly absolute. Were it not 
for the &ct that it converts things possessing a sharply defined 
anatomical form into substances which are amorphous, homo* 
geneous, and capable of absorbing fluid, we might feel doubts- 



COLLOID DEGEKEKATIOK. 39 

aboat including mucous softening among the varieties of retro- 
grade metamorphosis. The characteristic fiict remains, that 
mucous softening of the connective tissues may take place on the 
one hand, without any important alteration in. the form and 
arrangement of the cells (mucous tissue), and on the other hand, 
in connexion with the most various progressive and retrograde 
changes in them. 

o. Colloid Degeneratioiu 

§ 44. We come now to the last member of the series of 
^^ Conditions of Involution" to which the tissues are liable. 
CioiiLOiD DEOENEBAtiON is closdy related to mucous soft;ening. 
Their respective appearances, both naked-eye and microscopic, are 
in some specimens so much alike, that a long period elapsed before 
men learned to distinguish between a connective tissue whose 
matrix had undergone mucous softening and one whose cells had 
undergone colloid degeneration. The superficial resemblance 
between the two, gave tisq to the greatest confusion in the 
nomenclature of tumours; the terms ooUoid, oollonema, sar- 
coma gelatinosum, hyalinum, carcinoma ooUoides, being indis- 
criminately applied to one or other variety. -What is the basis 
of this similarity ? We find in either case a transparent, swollen, 
tremulous jelly, traversed by a network of fibres. Now, the 
mere discoveiy that in the one case the network was made up 
of stellate anastomosing cells, while in the other it consisted of 
the residue of a fibrillated matrix, sufficed to compel the separa- 
tion of colloid firom mucous tissue, a separation which was 
justified by further researches. In the first place, colloid dege- 
neration is characterised by the presence of a chemical compound, 
differing firom mucin by its neutral attitude towards those re- 
agents which act upon mucus, e.g. acetic acid, as also by its 
elementary composition, which places it among those albuminates 
which contain sulphur. 

Not less important for the independence of colloid degenera- 
tion is the fact that, in its first stage at least, it is always a 
metamorphosis of cells. 

This brings us at once to the essential feature of its 
anatomy. The only form in which colloid matter presents 
itself to the microscopist is that of a colourless, transparent 
globule, with an oily lustre, the so-called '^colloid sphere." How 




40 COLLOID D£6£N£BATI0K. 

do these spheres originate? How are thej derived fix>m pre- 

existing cells? We may answer this qaestion 
in two ways. The protoplasm of the cell may 
assume throughout a uniformly homogeneous 
and more highly-refractive character; the 
cell, as a whole, being gradually transformed 
into a colloid sphere, in the interior of 
which, by the addition of appropriate re- 
agents, we are able, for a time at least, to 
®^l^ demonstrate the central nucleus. Or the col- 
loid sphere may originate at one point in the 

n -,1 J protoplasm, near the nucleus, or, according 

CellB nndergomg ^^ r 7 ^ \^ \ , ^ 

colloid degene- to some authors, m the place of the nucleus. 

ration. From a Small at first, it grows to a size so consider- 

coUoid cancer. 1 1 xi, x xi • j 1 a- /• xi_ h • 

able that the residual portion 01 the cell is 

pushed aside, becoming, as it were, a mere appendage of the 
sphere. At this stage the e^ll tends to assume the form of a 
ring surrounding the sphere ; of a signet ring when the still 
existing nucleus forms a projecting knob at one point in its cir- 
cumference (cf. fig. 12). 

Finally, the colloid sphere escapes from its place of origin, 
leaving the remainder of the cell behind as a granular mass, 
which speedily crumbles away and disappears. 

The colloid spheres, whatever their origin, continue for a 
time to grow, i,e. to swell (for they become less and less distinct 
in the process), until their refractive index equals that of the 
colloid mass already present, with which they may be said to 
blend in the strictest sense of the word. 

As colloid matter, like mucus, is capable of swelling greatly 
by imbibition, the colloid metamorphosis becomes proportionately 
conspicuous to the naked eye. Little groups of from ten to 
twelve cells, which, before iheir metamorphosis, can hardly be 
said to exist for the unaided eye, are converted into a jelly-like 
particle, still very small, but quite visible, as we have already 
pointed out with reference to the cell groups of the mtdeus gela*- 
tinostis after they have undergone colloid degeneration (§ 41). 
The greater the size of the particle the more marked is its 
amber tint, its transparency, and its tremulous, jelly-like quality. 
But these properties only last until the particle reaches a certain 
sizO; or, to speak more accurately, a certain stage of develop 
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ment. The substance then assames more of a viscid character, 
and finally becomes quite fluid. The ultimate chemical product 
of colloid metamorphosis is, like that of mnooos sofieuing, sodic 
albuminat«; its morphological result is either a single, smooth- 
walled oy^st, or a complete system of interoommanicatJBg c^ts, 
the so-called " alveolar structure." 

To understand tbis we must remember that in the patholo- 
gical development of colloid matter (colloid cancer) a great 
number of colloid foci originate in close proximity to one 
another. 

Fio. 13. 



Section from a colloid or alveolar cancer, ^. 
The nutrix of the connective tissue in which they originate 
eaffioes for a while to keep tbo individual colloid grannies apart ; 
but as their size increases, the partitions between them waste, 
the partial or complete fusion of neighbouring cavities resulting 
in an Irregnlar, loculose subdivision of the disposable space, which 
noay very iwrly be compared to the alveolar stmctore of the 
pnbnonary parenchyma (fig. 13). (Cf. the section on Colloid 
Cancer.) 

3. Conditions op Infiltration. 

§ 45. The degenerations which come under this bead are less 
worthy to be called "retrograde metamorphoses" than those 
whi(^ we have hitherto discussed. 

The affected stmctares retain their external form even in 
advanced stages of morbid change ; they retain it, that is, to such 
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an extent, that no question can arise as to the identity of parts in 
their unaltered and in their altered state ; cells can still be recog- 
nised as cells, vessels as vessels, &c. In harmonj with this is 
the £act, that they never entirely lose their physiological capacity, 
though in this respect the greatest differences exist; for while 
amyloid and calcareous deposits are associated with an impair- 
ment of functional power of the most extreme kind (amounting 
in some cases to a '' vita minima "), pigmentary and fatiy infil- 
tration are borne witli comparative ease. It cannot, however, 
be denied that a definite impairment of functional capacity, pro- 
portionate to the degree of the alteration, occurs in all cases, 
and this obliges us to reckon them among the retrograde pro- 
cesses. 

All the members of the group have one leading feature in 
common — the abstraction of certain materials from the blood, 
and their deposition in the tissues. While other constituents of 
the nutrient fluid pass the cells and other structural elements by, 
without leaving any trace of their presence, these matters are 
retained, as the deposit is retained upon a filter. One of the 
main conditions of this phenomenon is an abnormal accumulation 
of the morbid material in the blood. 

Li many cases, therefore, there is a simultaneous or antece- 
dent change in the composition of the circulating fiuid, a dys- 
crasia, which manifests its presence, apart fi*om the clinical 
phenomena of the constitutional disorder, by causing the ana- 
tomical lesions in question in the most various parts of the 
organism. This association with a dyscrasic condition of the 
blood may be recognised even in the histological details of the 
process ; for the singular circumstance that the minute arteries 
and capillary vessels are the first to undergo infilti*ation does not 
admit, in my opinion, of being otherwise explained. It is 
here that the centrifugal current of nutrient fluid traverses the 
walls of the circulatory apparatus ; and should the plasma san- 
guinis be loaded with a substance prone to become deposited in 
cells, connective tissues, and homogeneous membranes, the sub- 
stance in question will have its first chance of being deposited, in 
the parietal elements of this section of the vascular apparatus. 

Besides the antecedent dyscrasia, a great part in the etiology 
of these infiltrations is played by the local predisposition, the 
special state, and the individual peculiarities of the several tissues. 
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All the organs are not equally fitted for the reception of the 
peccant material, granting the exiatence of the djscraaia. Sap- 
pose, for example, the \ilood to be loaded vritii an excess of 
hJity matter, we find the liver and the areolar tissue better 
adapted for its reception than any other part of the body. 
Suppose earthy salts to be present in the blood in excess, we 
find them to be deposited by preference in the lungs. Amyloid 
degeneration, too, invades the organs of the body in a definite- 
order, the kidneys being first afiected, then the spleen, liver, &c. 

In conclusion, we must not omit to recognise the possible 
operation of purely local causes. These are especially traceable 
in the case of pigmentary metamorphosis, which is most fre- 
quently determined by local hyperaemia, haBmorrhage, and in- 
flammation. A few, though certainly the most interesting and 
important varieties of pigmentation, depend on a constitutional 
disorder, as in the case of melanotic and melansBmic coloration, 
and the bronzed skin of Addison's disease. 

In the course of the ensuing sections we shall often have 
occasion to refer, now to the local, now to the general, character 
of these ^^ infiltrations f the sole object of these preliminary 
remarks being to direct us to the position of these processes in 
the natural history of disease, and to establish the general 
characters of the group as a whole. 

A. Amyloid Infiltration. 

I 46. Passing to the consideration of amyloid infiltration,, 
lardaceous, waxy degeneration, glassy swelling (glasige Yerquel-- 
long), we find ourselves at the outset in a predicament with 
regard to the definitions given above, inasmuch as we are unable 
to give a name to the substance contained in the blood, and 
which transudes firom it into the tissues. The infiltrated matter, 
according to Kehde^s analysis, is an albuminous body ; one which 
differs, however, from fibrin, albumen, &c, by turning of a 
bluish-violet or red coloiu: when acted upon by iodine. It most 
firequently assumes a reddish-brown or mahogany-red tint. This 
reaction, otherwise peculiar to the members of the amylaceous 
series, taken together with the circumstance that the substance in 
question is occasionally found to occur in concentric corpuscles,, 
resembling those of vegetable starch, induced its discoverer^ 
Vxrehowj to call it ^^ amyloid. '^ Now, if we search the blood,. 
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even in persons whose organs are most widely affected witli 
waxy degenenltion, for an albuminous substance yielding the 
same reaction, we shall search in vain. Indeed it is only from 
circumstantial evidence that we conclude that amyloid degenera- 
tion is a genuine infiltration. 

Since amyloid matter is capable of being reddened by iodine 
only after it has left the blood, it is right that we should show hy 
analogy that an albuminous body derived from the blood, and 
undoubtedly forming one of its constituents, may be converted 
into amyloid matter aft;er it has left that fluid. I believe tliis 
problem to have met with a satisfactory solution by the inquiries 
of Friedtich and Biermer. Any one who has conducted experi- 
mental investigations on extravasated blood will at once admit, 
that the concentrically-laminated corpuscles found by these 
observers in hsemorrhagic deposits in the lungs, are formed by the 
deposition of fibrin round little clusters of blood corpuscles, 
shreds of tissue, carbonaceous particles, &c.* Tlie fact that 
some of these corpusdes exhibit the iodine reaction, proves 
conclusively that here at least tlie fibrin of the blood must have 
been converted into amyloid matter. We must not jump forth- 
with to the conclusion, that impregnation with fibrin is tlie 
essential factor in amyloid infiltration. We need only assume 
that an albuminous constituent of the nutrient fluid may be 
arrested on its way through the tissues, and deposited in a solid 
form. As the chief property of fibrinogen is its persistent ten- 
dency to assume the solid state, this, more than any other of the 
albuminous constituents of the blood, will have a claim on our 
attention* Indeed, if we follow up the course of amyloid dege- 



* Those interested in the pathological histology of the lungs, will find 
it instructive to bestow a passing glance at the forms exhibited by char- 
coal dust under the microscope. They will see particles which may very 
readily be mistaken for blood crystals, owing to their peculiar spiked 
outlines and their colour, which appears a transparent reddish brown in 
thin layers. Particles of charcoal are found in very many lungs ; for 
their angular shape and pointed processes enable them, when introduced 
by the respiratory act, to penetrate more easily than other foreign 
bodies into the soft parenchyma of the lungs, where they remain fixed. 
The presence of circular perforations renders us absolutely certain about 
the carbonaceous nature of such pseudo-crystalline bodies ; for these are 
the pores in the dotted cells of coniferous wood (Virchov}*8 Archiv, x. 
Taf. iii. fig. 6). 
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neration in each individual case, we shall find much in favour of 
this view ; the question is not, however, so far advanced towards 
solution as to require further discussion in this place. 

§ 47. Let us glance at the histological phenomena of the pro- 
cess. The cell which has undergone amyloid infiltration differs 
firom a normal cell — ^first, by its greater size. It exceeds the 
normal standard usually by one-third, sometimes by two-thirds, 
of its diameter ; nay, its size may even have been doubled. 

Fig. 14. 




Liver-ceUs infiltrated with amyloid matter, a. Isolated cells ; 
h. A fragment of the secreting network in which the boun- 
daries of the individual cells have ceased to be visible. 

This increase in size is attended by an alteration in shape ; 
the cell grows fuller and more plump ; its characteristic outline 
fades ; its angles are blunted ; the most striking feature, however, 
being its homogeneous, transparent, faintly opaline aspect. The 
nucleus ceases to be recognisable ; everything points to a thorough 
impregnation of the protoplasm with a highly refracting sub- 
stance, which masks all inequalities produced by minor differ- 
ences of refi:^ctive power. When several amyloid cells are in 
contact with one another, they usually coalesce to form irregular 
and, for the most part, elongated masses, in which the lines of 
demarcation between the individual elements can no longer be 
discerned. 

§ 48. Amyloid infiltration of tlie non-cellular elements of the 
tissues corresponds in every respect to that of the cells. The tiune- 
faction, the amorphous and homogeneous, glassy transparency, 
are alike in both. This we may see in structureless membranes, 
intercellular and interstitial substances of all kinds. Were addi- 
tional evidence needed in support of our proposition that amy- 
loid degeneration is really an infiltration, we should find it in 
the uniformiiy of its effects on structures which are so far apart 
firom one another in the histological series. But the view 
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in question— ^a view which no one ventures to dispnte — ^reoeivee 
its most effectual support firom a consideration of the course 
taken hy the degenerative process in individual organs. I refer 
the reader to those sections of the Special Fart, which treat of this 
matter, limiting myself here to a description of the change as it 
occurs in the vessels. 

^e fact that the minute arteries, with their arterioles (Ueber- 
gangsgefasse), and the capillaries, are a favourite, and nsuallj 
the primary, seat of all infiltrations, has been already placed in 
ita true light. Amyloid infiltration stnnds foremost in tliis 
respect. 

Fig. 10. 



Malpighian tult infiltrated with amyloid matter (from the 
kidnej), 1^3- 

In any organ it is the efferent vessels which are first affected. 
In these, the gradual progress of the infiltration from within 
outwards may readily bo traced. At some points tlie intima 
alone, with its homogeneous limitary membrane, exhibits the 
glassy intumescence; at others, the muscular fibres are also 
implicated, and assume a peculiar homogeneous, glistening, 
somewhat blurred appearance ; in extreme forms of the disease, 
such aa those described by Beckmann in the thyroid body, the 
infiltration is found to extend to the adventitia and surrounding 
■connective tissue. 

The inevitable consequence of this degeneration is a propor- 
tionate narrowing of the calibre of the affected vessels. 

Tlieir lumina are obstmcted by the swelling of their walls, 
and the obstruction may amount to absolute occlusion. Fig. 15 
represents a Malpighian tuft of the kidney which has partially 
undergone amyloid degeneration ; it shows how the bine injec- 
tion (and consequently the blood daring life), penetrates into 
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those capillary loops only, which do not present the characteristic 
homogeqeous and glassy appearance. The addition of iodine 
produces an exquisite alternation of red and blue loops in the 
rete mirabile. 

§ 49. In this degeneration of the vessels, we find the prin- 
cipal cause of those abnormalities whi^h amyloid organs exhibit 
to the naked eye. 

The most marked of these is the comparative bloodless- 
ness of the organs. This anasmia is not due solely to the 
closure of the vessels by swelling of their walls ; it is partly 
accounted for by the greater relative space occupied by the 
degenerated as compared with the normal parenchjrma, and the 
consequent compression of tlie vessels ; that this is so, is proved 
by the case of amyloid infiltration of the liver. In tliis organ 
the amyloid matter is chiefly deposited, not in the capillary walls, 
but in the hepatic cells which lie between them ; and yet the 
anaemic condition of the waxy liver is as distinct as possible. 

The less the colour of an organ depends on the blood which 
it contains, the more apparent is the special colour of the organ 
itself. This is especially true of organs which have undergone 
amyloid degeneration ; in them we see the peculiar colour and 
quality (Beschaffenheit) of the amyloid matter asserting itself in 
proportion to the degree of the infiltration. The parts assume a 
pale yellow or clear grey tint ; they become as soft as wax, the 
pressure of the finger leaving a persistent mark. When the 
degeneration is absolutely complete (a very rare phenomenon, 
which has hitherto been observed only in parts of the thyroid 
gland and the spleen), the comparison with white wax, proposed 
by VirchoWf is most appropriate. 

§ 50. The form of amyloid degeneration described above 
commonly follows prolonged suppuration in bone, caries of ver- 
tebrae, necrosis, &c. ; it is not unfirequently associated, moreover, 
with constitutional syphilis, more rarely with pulmonary tuber- 
culosis and other cachexisB; all cases in which a pre-existent 
dyscrasia of the blood may be unconditionally assumed as its 
basis. 

I have only a few words to add with reference to the local 
occurrence of amyloid matter. Allusion has already been made 
to the laminated concretions found in hemorrhagic deposits in 
the lungs. We saw that fibrin, after lying for some 
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length of time outside the current of the bloody became suscep- 
tible of reacting to iodine ; now it appears that other albuminates 
and albuminoid matters are capable of undergoing a similar 
change. The laminated concretions which are always present 
in the follicles of the prostate gland of adults, exemplify the 
])ossibility of an albuminous body being deposited in a solid 
state from the secretion (mucous or colloid ?) of a gland, round 
isolated cells, or groups of cells, and of its subsequently, though 
not invariably, becoming susceptible of coloration by iodine, the 
colour inclining usually rather to blue or violet tlian to red. 

By the concentric addition of similar matter these bodies may 
reach a considerable size ; two or more may become invested by 
a common capsule, in which case they may be recognised by tlie 
naked eye, and their behaviour with iodine tested. 

The concentrically laminated cor- 
puscles which are normally present in 
the ependyma of the cerebnd ventricles, 
and which occur in enormous numbers 
in the so-called grey atrophy of nervo 
tissue, have given rise to much discus- 
Laminated concretionB of sion ; their significance is purely local, 
amyloid matter from the It is still imdecided whether they are to 
prostate. ^ regarded as colls infiltrated with amy- 

loid matter, or as concretions ; their 
remarkable imiformity of size, and their not wholly irregular 
distribution in the ventricular ependyma, are more in favour of 
the former than the latter supposition. 

With iodine they assume a pale blue tint, which passes into 
violet on the addition of sulphuric acid. 

B. Calci/icatiaru 
Calcification plays a less important part in pathology than 
amyloid degeneration. It denotes the infiltration of tissues with 
calcic phosphate and carbonate in a solid form. The most gigantic 
physiological prototype of this process— one, however, which 
exhibits many peculiar features — is the deposition of calcareous 
salts in the matrix of bone. On the other hand, it must be care- 
fully distinguished from all ciystalline deposits from .the secre- 
tions, as e.jf. those occurring as sediments and incrustations in 
the urinary passages. 
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Before oonsidering the phenomena of calcareous infiltration, 
we mnst settle a question, on the due answering of which so 
much depends, that it may justly be regarded as fundamental. 
How are calcic phosphate and carbonate held in solution by 
the blood and the juices of the parenchyma ? and what may we 
regard as the probable conditions which determine their precipi- 
tation in the tissues ? 

Our answer to this question is firagmentary. From the inti- 
mate combination of minute quantities of calcic phosphate with 
all the albuulinates (the salt remaining after their calcination as 
a residual ash), we may infer that it is chemically bound up with 
albuminates in all the nutrient fluids of the animal organism, 
and that, when so. combined, it is soluble in water {Gorup^ 
Baanez). Apart from this hypothesis we have the significant 
fact that calcic phosphate, and still more, calcic carbonate, are 
soluble in liquids containing free carbonic acid. The blood and 
nutrient fluids of the organism fulfil this condition. Hence it is, 
to say the least, not improbable that fi^e carbonic acid is an 
important, perhaps the most important, agent in the solution of 
the earthy salts. 

Unsatisfactory as it is to have to give a hypothetical answei 
to the first part of the question, we find ourselves in a far more 
puzzling predicament when we attempt to give an adequate 
explanation of the causes which determine the precipitation of 
these salts. But the attempt must nevertheless be made. The 
roundabout but only efiective way to get at a solution of the 
problem is to consider all the known examples of calcification 
one by one, with a view to finding out what the various localities 
in which we find calcium salts precipitated have in common ; 
and, fiirther, how this common property adapts them for becoming 
depositaries of these salts. We must be carefiil to eliminate all 
those cases of calcareous infiltration in which a simultaneous 
reabsorption of calcium salts from the osseous system is taking 
place, and in which, therefore, we are led to infer with certainty 
that the blood is saturated with them, that there is a true ^^ calcic 
dyscrasia.'' Such cases must be excluded, inasmuch as it is 
obvious that, the blood being capable of holding only a limited 
proportion of calcium salts in solution, precipitation must ensue 
at some point or other, after the limit of saturation has been 
reached. We must confine ourselves to the consideration of cal- 

4 



50 CALCIFICATION. 

oareous infiltrations of a purely local character, beginning with 
physiological examples of the process. 

§ 52. True bone tissue originates as follows : — In a con- 
nective tissue, richly provided with capillaries, which map it 
out into vascular territories or islets of parenchyma, a compact 
matrix is developed ; it first appears in the centre of each territory ; 
at the point, therefore, which is fartliest from the blood-current. 
The cells, which are already assuming a stellate form, become 
enclosed in this matrix at regular inten-ah, the matrix itself 
undergoing impregnation witli earthy salts. This typical series 
of phenomena underlies all ossification, whether in membrane 
or in cartilage. In either case the medullary spaces are first 
sketched out in this way. The regular repetition of tliis sequence 
of matrix-formation, enclosure of cells and calcification, leads on 
the one hand, to the production of compact bone tissue disposed 
in concentric laminss round the blood-vessels; while, on the other, 
it narrows the original medullary cavity to the size of a Haversian 
canal. For the details of the process I refer the reader to text- 
books of normal histology. For us the important point is that the 
earthy salts are first deposited along those neutral lines which 
may be looked upon with equal justice as the limitary or the axial 
lines of the vascular territories. It need hardly be said that these 
lines cross each other at certain points, and must therefore form a 
network resembling that formed by the capillaries themselves ; 
this inference being fully corroborated by the examination of' an 
osteophyte at an early stage of its growth, or of a cylindrical 
bone at its ossifying border, where it adjoins the cartilage.* 
We cannot but recollect that in the parenchyma of other con- 
nective tissues the lymphatics stand very constantly in a similar 
relation to the capillaries. I pointed out, as early as the year 
1859,t that the lymphatics in the tail of the tadpole were in- 
variably situated in those parts of the parenchyma which were 
farthest from the vessels. Since that time the course of tlie 
capillary lymphatics has been repeatedly investigated, and the 
above statement has been again and again confirmed. (Cf. 
Van ReckUnffhauserij ^^ The L3rmphatios and theur Belation to the 
Connective Tissue," Plate L fig. 1.) This arrangement is 



* See " OsseotiB System," Exostosis. 

t De VoBorvm Ocnesu Inangund Dissertation. Berlin. 
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quite in harmony with the function of the lymphatics as drains 
for the removal of superfluous pabulum ; those points of the 
parenchyma towards which the currents proceeding in every 
direction from the capillaries converge, being furnished with 
adequate means of drainage. I will show hereafler how this 
digression may be brought to bear on the subject now in 
hand ; at present I will only say that true bone is one of the 
few tissues which are absolutely devoid of lymphatics. 

Just as the limits of the individual vascular territories of 
the young bone are marked out by calcareous infiltration^ so the 
bone, as a whole, is separated from the cartilage by a limitary 
zone of tissue infiltrated with earthy salts, belonging half to the 
cartilage and half to the bone ; it is this very zone of caloifioa- 
tion which has so long obscured our knowledge of the develop- 
ment of bone. In strict accuracy we must consider this neutral 
boundary as belonging, not to the bone proper, but to the sum 
of the outermost medullary spaces which lie next the cartilage, 
and are supplied by the terminal loops of the nutrient artery. 
This is distinctly seen in that perversion of growth which con- 
stitutes rickets. In this disease somo of the terminal medul- 
lary spaces of the bone penetrate far into the proliferating layer 
of the cartilage, which is of unusual breadth. The zone of 
calcification is interrupted at many points ; and even Virchow 
remarked tliat to make up for this, little centres of calcification 
are met with higher up in the substance of the cartilage, which 
may be viewed as in some sort the membra disjecta of the cal- 
careous zone. On making a transverse section through this 
region, we may see how the entire mass of cartilage is partitioned 
out into oval territories of unequal size by the said infiltration 
of earthy salts, the middle of each territory being occupied 
by one of the projecting medullary spaces alluded to above, with 
its axial capillary loop. Here too, therefore, we find the cal- 
careous infiltration mapping out the vascular territories, and 
that in a tissue which possesses no trace of lymphatics either in these 
"lines of contact" or in any other part of its substance (fig. 17). 
I consider myself fully justified in expressing the view, 
founded on the above data derived &om normal histology, that 
pecoUarities in the movement of the nutrient juices, and 
especially a certain retardation, or even stagnation, of their 
current, which may be assumed as likely in the said locaUties, 
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owing to the absence of lymphatics, stand in some sort of causal 
relation to the process of calcification. Should this view be 
correct, we might conceive the precipitation of the earthy salts 
to occur in some way like this : the free carbonic acid, to which 
their solubility is due, in consequence of its great diffusive power, 
forsakes the s^gnant nutrient fluid, and escapes from the organism 
by other channels ; while the calcareous salts, rendered insoluble 
by its removal, are forthwith deposited in a solid form. 

§ 53. Passing next to pathological oalcificatiok, we find 
it occurring chiefly as a secondary phenomenon, as a consequence 

Fia. 17. 




Calcification of cartilage. Transyerse section through the 
zone of proliferation in the epiphysal cartilage of a raohitio 
subject, 1^. 

of inflanmiation and morbid growth. The earthy matter is 
deposited either in the newly-formed tissues themselves, or in the 
residual parts of the diseased organ, which are surrounded and 
permeated by the products of inflammation and morbid growth. 
To what extent we may be justified in assuming a disturbance 
in the circulation of nutrient juices as the efiicient cause of the 
precipitation of the earthy salts in each single case, we shall see 
when we consider them individually. Calcification may occur 
in various tissues ; in the connective tissues, in vessels, in cel- 
lular and glandular tissues, in muscle, both striped and un- 
striped, bi;t oftenest in cartilage, the pathological coinciding 
here with the physiological order. The cartilages of the larynx 
and trachea are often found calcified, as a result of chronic 
catarrh of the respiratoiy mucous membrane ; the intervertebral 
substances, in consequence of chronic suppurative caries of the 
vertebras ; the costal cartilages of old people are often affected 
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in this way ; finallj, we oflen find those small globular portions 
of cartilage, with which we ai'e familiar, on the one hand as 
constitnent elements of enchondromata, on the other as out- 
growths {com articular cartilages and synovial membranes, im- 
pregnated with earthy salts. In every one of these cases the 
calcareous deposit first appears in the central parts of the carti- 
laginous structure, in those which are farthest firom the surface, 
where the circulation of nutrient fluid is most hindered, perhaps 
even totally arrested. Provisionally, therefore, we are justified, 
on pathological grounds, in assuming that the precipitation of 
calcareous salts results firom a retardation or stagnation of the 
nutrient fluid. 

§ 54. In studying the histolooical details of calcareous in* 
filtration, we will avail ourselves first of the admirable example 
a£forded by the development of oartilage. Cartilage is a con- 
nective substance, made up of cells and an intercellular matrix. 
We cannot as yet tell why it is that calcification sometimes 
begins in the cells, sometimes in the intercellular substance. 
Suffice it to say that either may be first affected ; indeed, it is 
characteristic of this, as oS other forms of infiltration, that the 
most diverse structural elements are liable to be involved. 

The first visible effects of calcification are the so-called 
eartJu/ granules (Ealkkriimel) small, roundish or angular particles, 
which appear black by transmitted, white and glistening by 
reflected light, and which are imbedded more or less thickly in 
that part of tiie cartilage (say its matrix) which is primarily 
involved. Attempts have been made to show that these particles 
are actually the earthy salts, and to demonstrate crystalline form 
in them ; this, however, was a mistake. The earthy granules 
may, indeed, owe their leading properties, their density, their 
whiteness and opacity to the calcareous salts with which they 
are impregnated; nevertheless we must distinguish in every 
granule — first, a particle of the matrix of equivalent size ; and, 
secondly, the earthy salts which it contains. Without this dis- 
tinction, or rather generalisation, the subsequent changes would 
be not merely inexplicable, but utterly impossible ; for after the 
matrix has first of all been darkened by the calcareous granules, 
it assumes in the sequel a homogeneous lustre, such as we find 
i& the matrix of bone, this appearance being clearly due to the 
mutual approximation of the calcareous granules, and their ulti' 
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mate coalescence, when they can no longer be individaallj dis- 
tinguished. Now, since the matrix retains its former bulk after 
calcification is completed, it is clear that tlie earthy salts cannot 
have been superadded to its proper substance in particles as large 
as the granules in question ; hence we are compelled to assume 
that each granule is made up of mati'ix plus earthy salts. 

So long as calcification 
^°* ^^ does not extend beyond the 

matrix, the appearance pre- 
sented to us is that of a white 
and glistening reticulaled net- 
work, whose tenuity is pro- 
portionate to the amount of 
space occupied by the cells 
I and the consequent width of 

the intervening trabecul^e of 
, ^ intercellular substance (fig. 

CaLcificatioii oT cartilage. Transverse 18), JJoJh'tafwit describes, in 

the matrix into spheroidal 
masses, which is especially frequent in the fihro-cartilagea and 
in enehondromata. My own observations confirm his state- 
ments. The appearances in question must not be confounded 
witli those presented by tlie earthy granules. Sokitamki very 
justly compares them with the calcification of fibrillated intercel- 
lular substances.* 

• This ftppearance of spheroidal seg- 
mentation is beautifully esemplified in 
the calctficSition of tendons, where it has 
been most elaborately investigated by 
Lieherlivhn {BeichcH und Z>((tin«, Archiv, 
1860, Ko, 6, p. 824 seqq.). Between the 
discoidal figures presented bj the fibrills 
in transTerse section, interstices of vari- 
able size are occaBionolly seen ; these are 
^ often deceptively like bone corpnscles, 
onacconnt of their jagged and excavated 
margins. A little thought is enough to 
convince ns, without our haying to recur 
_ to longitudinal sections for aid, that wo 

T»ni»»rin "ij'i™ 'JK!?' »" ™'J^ have to do, not with independent elo. 
Mauh}. mcnts, but with appearances due entirely 
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The globular, or ratlicr discoidal, masses arc the calcified 
fibrillar seen in transverse section. There is nothing strange, 
therefore, in onr meeting with this spheroidal segmentation of 
the calcified matrix in fibro-cartilaginous structares-; and we 
have already seen, when considering the phenomena of softening, 
that the matrix of hyaline cartilage is also liable, nnder certain 
conditions, to break np into fibrillaB. 

The calcification of cartilage, when the cells are primarily 
affected, gives rise to optical results of a very different order. 
In this case a peculiar thickening of the cartilage capsules 
(sclerosis, Virchow) precedes all further changes. The thickened 
capsule takes up the earthy salts ; sometimes, and indeed usually, 
as a cloud of earthy granules ; occasionally, however (as was 
first observed by KdllUcer in rickets), the calcareous impregna- 
tion gradually leads only to a whitish opalescence by reflected 
light, while the structure never loses its transparency. It is 
this latter circumstance which has enabled us to ascertain that 
the entire series of these changes takes place without involving 
the proper substance of the cells. From first to last the process 
is exclusively capsular. The capsule continues to grow thicker 
at the expense of its cavity. Tlie size ^of the original cartilage 
cavity, therefore, undergoes progressive contraction, the capsule 
loses its spheroidal form ; for, as the thickening of the capsule 
does not proceed uniformly at all points, little funnel-shaped 
gaps being left at regular intervals (analogous to the pores of 
vegetable cells during their conversion into wood), the cell-con- 
taining cavity ultimately assumes a stellate, jagged outline, 
singularly like that of a lacuna of bone. Should the matrix 
attain the glassy and transparent stage of its calcification, either 
simultaneously or subsequently, we may fairly speak of a direct 
ossification of hyaline cartilage. Such false boney which stands 
towards true bone in iho same relation (§ 52) as other calcified 
connective tissues, such as tendons, fitsciae, coats of vessels, &c., 
is not common ; it always occurs in small bits ; we find such 
bits in enchondromata, and in the spongy substance of ricketty 



to the contact of adjacent circles; for we see them varying in size 
and shape withip the widest possible extremes. {See the annexed 
drawing of a trafisterse section throttgh an ossified pleuritic false mem* 
brane*) 
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bones, where they are, so to say, inlaid near tiie ossifying border 
of the cartilage. 

So much for the histological details of calcification as it 
occurs in cartilage. Its individual features recur in the most 
various tissues. In order not to anticipate the special descrip- 
tions contained in the second part of the present work, we must 
content ourselves here with the remark that calcification, where- 
cver it occurs, is always a true infiltration. The specific form of 
the infiltrated structures, at least in its coarser oudines, is never 
effaced. We are able, as a rule, to restore matters to their 
previous condition by simply removing the earthy salts with 
hydrochloric acid. 

c. Pigmentation, 

§ 55. Pigmentation (chromatosis) is one of the most interest- 
ing subjects in pathological histology. Its limits are not veiy 
well defined.* I must premise therefore, that I do not intend, 
under the head of Pigmentation, to discuss every change of 
colour which may occasionally be exhibited by diseased parts, but 
to confine my attention to those positive colorations which are 
due to the infiltration of some pigmentary substance into the 
tissues. Bed, yellow, brown, and black pigmentary particles, witli 
every imaginable intermediate tint, may be met with as infiltra- 
tions. They are all, however, ultimately derived fi^m one and 
the same source — the hsematin of the red blood-corpusdes. 

We are not fully acquainted with the chemical composition 
of hsematin ; we do not know how it is produced. Itself, in all 
probability, an albuminous body, it is intimately combined in 
the red corpuscles with another albuminous substance which is 
destitute of colour {globulin). This compound, under certain 
conditions, crystallises in long red needles (JuBmato-^rystaUin). 
To understand how yellow, brown, and black pigments may be 
derived fi:om the colouring-matter of the blood, we must first 
glance at the physiological metamorphoses to which this substance 



* For example, all those tissae-changes which have already been 
described, cause some pecnllor coloration or decolorisation of the affected 
structures. So too, desiccation, shrivelling, condensation may all modify 
the refractive index, and so alter the optical properties of the tissues. 
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is liable. The most important of these, and in some sense 
typical of all the rest, is its transformation into bile-pigment. 
This phenomenon, however plausible a priariy has long been 
shrouded in mystery. It seemed hazardous, and very justly so, 
to derive a chemical substance produced exclusively by the 
activity of the hepatic cells, from a certain constituent of the 
blood, solely on the ground of its possessing like optical pro- 
perties. At the present day these scruples have lost all meaning, 
and that mainly in consequence of the following observations. 
In places where blood has some time previously been extrava-> 
sated, haematoidin is not unfirequently found in the form of small, 
fiery-red crystals, belonging to the rhombic system (fig. 20). 
There can be no doubt that this haema- 
toidin is derived firom the blood-pigment ; ^i^* 20. 
and yet it differs firom haBmatin in containing f ^^^ r^ 
no iron. When treated with powerful oxi- T"V^ 
dising agents, such as concentrated sulphuric ^ ^ 
acid, it gives a play of prismatic colours. 
It need hardly be said that these very 
properties by which hasmatoidin is distin- ^7?**^ ?fi».^®S** 
y:«i fi.m the colonring nutter of the ^. ''^ ^'^- 
blood, bring it nearer to bile-pigment. This 
alone made it highly probable that bile-pigment ought to be 
r^arded as derived from the colouring matter of the blood ; and 
this probability became a certainty when Valeniiner discovered 
that haematoidin could be extracted firom dried and powdered 
bile by means of chloroform. Now, it is quite true that a 
crystalline pigment may be obtained in this manner, not dis*- 
tinguishable at first sight firom hasmatoidin. Nevertheless Valen'^ 
tiner^a discovery had to submit to a slight correction. Stddeler 
found that the crystalline colouring matter of the bile (bili-- 
rubin, CaH^gNaOe) differed fi-om haematoidin (CaoHisN^O^, 
Bobin)y not only by a trifling variation in the angular measure* 
ment of its crystals, but also in containing two atoms more 
carbon. StadeUr^ however, considers this difference as too insig'- 
nificant to shake the proposition that bile-pigment is derived 
firom blood-pigmeni The red corpuscles, as they grow old, 
part with their colouring-matter to the serum ; firom this it is 
taken up by the liver-ceUs, which transform it into bile-pigment ; 
as such it is ultimately excreted in the faeces. Before it is 
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thus removed, when retained in the gall-bladder for any length 
of time, it undergoes further changes, passing through shades 
of yellow, grey, brown, and black, which Stddeler terms respec- 
tively bilifuscin (C32H20N2O8), biliverdin (C33H20N2O10), bUi- 
prasin (C33H22N2O12) and bilihumin; bilifuscin differing from 
bilirubin in containing two atoms more HO, biliverdin from bili- 
fuscin in containing two atoms more 0, biliprasin from biliverdin, 
again, by an access of 2 HO, whilst bilihumin is a black, in- 
soluble, very highly oxidised substance. 

§ 56. The scale of colours enumerated above serves, as 
already stated, as a standard for the course of all other chroma- 
toses, whether physiological or pathological. The former, to 
which I can only allude by the way, are due to the fact that 
certain other cells either possess, like those of the liver, or obtain 
with the lapse of years the power of appropriating the blood- 
pigment dissolved in the serum, and of condensing it in their 
interior ; among these may be enumerated the epithelial cells of 
the choroid and the rete Malpighii, and certain ganglion-ceUs. 
The black pigment found in the lungs deserves to be considered 
separately. I have already called attention (in a note to § 46) 
to the ease with which particles of vegetable charcoal (especially 
wood charcoal) become imbedded in the lungs, where they may 
be mistaken for pigment-granules. Hence I am not disposed to 
deny that a certain small proportion of the lung-pigment may 
be due to the accidental admission of carbonaceous particles. 
The probability of this is enhanced by the obstinate resistance 
which the pulmonary pigment offers to the action of reducing 
agents, a fact which leads us to infer that it must, at all events, 
contain a very large proportion of pure carbon. Moreover, the 
observation that the pigmentary particles of the lungs *are occa- 
sionally found enclosed in cells can no longer bo held to invali- 
date the coal-dust theory, inasmuch as it has recently, been 
demonstrated that cells of sofl consistency, e.ff. colourless blood- 
corpuscles, may take up minute particles of solid matter into 
their protoplasm. Notwithstanding all this, however, it is only 
ii small proportion of the lung-pigment which can be regard^ 
as consisting of charcoal particles introduced from without, the 
remaining part being unquestionably derived from the colouring- 
matter of the blood. The proof of this is to be found, on the 
t)ne hand, in the anatomical similarity between this and other 
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forms of pigmentation ; on tlio other, in the fact that a patholo- 
gical excess of pigment in the lungs is met with mider those 
very conditions of hyperemia and haemorrhage which cause a 
deposit of pigment in other organs. It may plausibly be 
imagined, moreover, that the blood-pigment, in a locality where 
the osmotic interchange of gases is so extraordinarily active, 
may be converted by an imperfect process of combustion into 
animal charcoal more speedily than elsewhere. 

§ 57. Turning our attention to pathological chromatoses, we 
find, as was hinted in our introductory remarks, that the great 
majority of these are due to local disturbances in the circulation. 
They are singularly persistent; they serve, accordingly, as 
evidence not only of existing congestions, but of former hyper- 
acmic states of this or that organ, or part of an organ. It is 
hardly necessary to add that not every hyperaemia is followed 
by a deposit of pigment ; nay, we may almost consider it a rule 
that only those congestions, during which extravasation of blood, 
or its permanent stagnation in the vessels occurs, are followed 
by pigmentation. This assertion will seem less rash if we reflect 
that apart from hfiemorrhages of notable amount, both acute 
inflammation and passive congestion give rise to minute but 
proportionately numerous extravasations from the capillaries. 
But it relies for its ultimate justification on the evidence of 
anatomical facts. 

All purely local pigmentations, ie. those which are not con- 
nected with dyscrasiae, may be shown to originate in the abso- 
lute stagnation of variable quantities of blood ; sometimes of 
only a few blood-corpuscles which have not even succeeded in 
completing their escape from the vessel, but have stuck in the 
tuTiica adventiiia; more fi*equently of little streaks and drops of 
blood, or even larger collections, which lie* in the parenchyma 
outside the vessel. We need not enter into the manifold changes 
to which such stagnant portions of blood are liable (organisa- 
tion, suppuration, &c.) ; we may confine ourselves to an observa- 
tion, which is of the utmost moment as regards the production 
of pigment, viz. that the red discs generally lose their colouring- 
matter, which is thus at tlie disposal of the neighbouring tissues 
in a state of solution. We had the opportunity of becoming 
acquainted with a process not unlike this during the putrefaction 
of the blood. It follows accordingly that decolorisation is » 
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phenomenon not only associated with the sudden death of the 
blood-corpuscles, but serving also to usher in those changes 
which, as in the present instance, lead rather to a gradual dis- 
solution, or to a prolonged existence in another form. 

NoTB. — It is convenient to say a few words here about the conversion 
of the colouring-matter of the hlood into pigment-granules without its 
previous escape from the corpuscles. I allude to the so-called " blood- 
corpuscle-holding cells." The mode of origin of these large, more or 
less round, bodies, consisting of several red blood-corpuscles imbedded 
in a colourless and homogeneous matrix (fig. 21a), was more important 
formerly than it is now. It was thought to support the theory of endo- 
genous cell-development. Its histogenetic interest has now quite faded. 
It appears that these bodies are not always produced in the same 
way. I have convinced myself that in the stagnant blood of amphibia 
agglomerations of red and colourless blood-corpuscles (or such as have 
become colourless), exhibit all the appearances of the " blood-oorpusde- 
holdmg ceUs" (fig. 216). 

Fig. 21. 





Blood-corpuscle-holding cells, a. Human ; &. In frogs' 

blood, yixy. 

Preyer states (" On AmcDboid Blood-Corpuscles," Virchow'sAicidy, 
417), that similar optical appearances may be produced by the escape of 
the red contents of the corpuscles in stagnant frogs' blood in the form 
of drops of varying dimensions, and the subsequent incorporation of 
these drops into neighbouring amoeboid cells after the manner of par- 
ticles of cinnabar, or other solid granules of any sort. This theory 
admits of only a limited application to the "blood-corpuscle-holding 
cells" of mammals, since in them the blood-corpusdes occupy a more 
central position, and are enclosed on every side by a homogeneous 
border. Here I believe that we have no alternative but to assume that 
a layer of fibrin has been secondarily deposited round a group of blood- 
corpuscles. The phenomenon would thus correspond on a very small 
scale with that which recurs on a scale of ever-increasing greatness in 
all circumscribed hssmorrhages. The red blood-corpuscles go through 
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their mbseqneot metomorphoBM in the interior of tbis o«prale, thej lose 
their drcnlar ontline, grow darker, and finallj mn toffether to fbrm t, 
d&rk-brown or black pigmentarj depoait. 

§ 58. After the colonring-tmiUier has escaped tcom the blood- 
corpuscles, aod has permeated the snrroimding tissues, we notice 
that their elements raiy in their oapaoity for taking up the pig- 
ment which is thus presented to them. We remark preferences 
quite as decided as Uiose which are manifested during the soaking 
of dead tissues in an ammoniacal solution of carmine. The cells 
attract the pigment more powerfuUj than the interoellular sub- 
stanoea, homogeneous membranes, elastic fibres, &c. The cells 
therefore appear, even at this stage of the process, to be most 
intensely stained of a yellow or brown oolonr. But the oo]ora> 
tion witii hiematin di^rs from staining with oarmine, in that the 
nucleus does not exhibit a greater attraotion fat the pigment than 
the remaining portion of the oell. On the oontrary, the nndei 
ore remarkable for taking no part in the change, ^>pearing at a 
later period as colourless discs in the interior of the tinted proto- 
plasm. 

The stage of diffuse imbibition is followed by the precipitation 
of the pigment in a granular or crystalline form. This, too, we 
had occasion to observe during mortifioaticm. Hence, as also 




Cells in Tarions stages of pigmentary infiltration ; (a, I, e, a), 
from a melanotic cancer; d, Pigmented epithelinm fVom 
the vessels (same specimen), ^. 

because it occurs not only in the tissue-elements themselves, but 
in the free fluid bettoeen them as well, we are justified in viewing 
it as a purely chemical phenomenon, having no connexion with 
the vital properties of the part True that the crystalline deposits 
(hsmatoidiu), which are least likely to depend on the action of 
the cells, are more frequent in the free floid than in the interior 
of the cells ; still, coloured crystals have also been detected in 
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the cells ; moreover, the granular variety of pigment — ^whioh, 
we may remark by the way, is much the more usual form, 
crystals of haematoidin ranking among curiosities — is equally 
abundant witliin and around the cells. It consists, as the namo 
shows, of minute yellow, brown, or black (melanin) granules, 
collected into little groups, which may unite under certain condi- 
tions to form larger masses of a more homogeneous character. 
Should they be numerous enough to fill the protoplasm of a cell, 
the colourless nucleus is partly pushed aside, partly surrounded ; 
the pigmented cell appearing to be perforated by a circular gap 
or hole. Flat cells (choroid coat of the eye), in which the 
nucleus is in contact with boUi surfaces at once, retain their 
characteristic aspect In spheroidal cells, however, the nucleus 
ultimately disappears, leaving a coloured corpuscle, in which 
only the external form of the cell can still be recognised. 

§ 59. It is very unlikely that the functions of the cells are 
much impaired by pigmentary infiltration, for we find partial 
infiltrations of this nature in many of the most vitally important 
elements of the organism. I refer particularly to certain groups 
of motor ganglion-cells in the crura cerebri, whose constant im- 
pregnation with pigment has led to that region being designated 
as tubstantia nigra vel ferruginecu In the majority of local pig- 
mentations, however, this question admits of no solution ; for 
we cannot distinguish the functional troubles due to pigmentary 
infiltration from those which may have resulted from the ante- 
cedent local disorder. The opportunities afforded by certain 
pigmentary infiltrations originating in dyscrasias are much more 
favourable for this inquiry. I do not refer to melanaemia, which 
only deserves the name of a dyscrasia, inasmuch as a black pig- 
ment of local origin (in the spleen), enters the blood, and remains 
an abnormal constituent of this fluid during a certain time. 
When the deposit of this pigment in the capillaries of the brain 
gives rise to serious functional disturbances, these difier in 
no respect from such as might be produced by plugging of these 
vessels firom any cause whatever; they cannot, therefore, be 
ascribed to the pigment as such. So too, the quantitative excess 
of colour in the skin, which Addison ascribes to a disease of the 
supra-renal bodies, is ill-adapted for our present purpose, owing 
to the obscurity which still hangs over the entire process. On 
tlie other hand, the history of melanotic sarcoma {see Morbid 
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Growths) shows as that a morbid state of the blood may exist, in 
consequence of which cell-growth, on a large scale, may take 
place in the most various regions of the body, the newly-formed 
cells being wholly or partially filled with granular pigment of a 
brown or black hue. The mechanism of this coloration is the 
same as tliat of the cells of the rete Malpighii, choroidal epithe- 
lium, &C, Indeed, the primary tumour is usually developed in 
the choroid or the skin. The cells get their pigment from that 
which is diffused throughout the nutrient fluid, and also, according 
to 0. WAeryirom, capillary extravasations which may concur with 
the other changes. Be this as it may, the progress of the pig- 
mentation, after the stage of diffuse imbibition, is the same here 
as elsewhere. The pigment is condensed and precipitated. The 
colourless sarcoma-cells are converted into pigmented sarcoma- 
cells. No one will deny that these pigmented sarcoma-cells 
retain their most destructive vital properties, and make use of 
them against the organism. 

I do not believe that we are justified in speaking of a pig- 
mentary metamorphosis in the same sense as of a fatty meta- 
morphosis. For even though we may find in the juice scraped 
from melanotic tumours minute particles of pigment in countless 
numbers, together with cells in which the pigment-granules may 
be seen to exhibit dancing movements, and from which they may 
be seen to escape under our very eyes, yet we are not justified in 
inferring anything beyond an accident such as ultimately befalls 
all sarcoma-cells; moreover the numerous oil-globules which 
are scattered among the pigment-granules, but which are not 
easily to be distinguished from them, render it probable that we 
have really to do with a fatty metamorphosis. 

§ 60. Besides haematin we must include the colouring-matter 
of the bile among the sources of abnormal pigmentation. If we 
were justified in assuming the derivation of bile-pigment from 
the colouring-matter of the blood, then biliary may be regarded 
as a mere variety of luemic pigmentation. It is met witi^ only 
in those organs which produce and excrete the bile. Suppose 
for a moment, that jaundice (icterus) is a pigmentary infiltration. 
In jaundice the bile-pigment, together with the other constituents 
of the secretion, is reabsorbed into the blood : hence, as long as 
the condition lasts, all the tissues of the body which are within 
reach of the nutritive fluid assume a yellow hue. Never, or 
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only in very rare oases, is the biliary pigment deposited in a solid 
form ; the pigmentary imbibition does not become a pigmentaiy 
inGltration. The latter, as lias been already stated, occurs only 
in the liver and the bile-ducts. Virchow detected crystalline 
deposits of bilifulvin in the epithelium of the gall-bladder ; 
grmnnlar pigment, of a yellow, brown, and especially of a black 
oolou', is met with in the hepatic cells, not only in cases where 
the escape of the bile is hindered, but also in cases of obstruc- 
tion to the return of blood from the hepatic veins. Hero too 
we may have a coincident atrophy of the pigmented cells ; bat 
we moat beware of regarding the pigmentary infiltration as the 
cause of the atrophy. This will become clear hereafter from the 
history of the pigmented nutmeg-liver, cirrhosis, &c. 



D, Fatty L^Uratton. 

§ 61. Tlie last member of the present series, and of the 
passive tissne-ohangea in general, is fattt ikfiltra.tiok. This 
most not be confbimded with that &tty metamorphosis which has 
already been treated among the conditions of involution. There 
the oil-globnles were but the forerunners of imminent dissolu- 
tion; here they are, at worst, but a saperflnous constituent 
of the cell ; there they appeared as a product of the decom- 
position of the body of the cell ; here they are brought to the 
cell from without, and retained in its protoplasm. Hence 
too, the anatomical appearances presented by tatty infiltration 
differ whdiy from those dne to fatty metamorphosis. They agree 
in this alone^tbat minute oil-globules make their appearance 
Fio 23 *'' ^^ interior of the protoplasm. While, 

# however, in the case of fatty metamorphosis 

^^^ these oil-globules continue to increase in 
■gK' number, without ever uniting to form larger 
drops, fetty infiltration mimics the develop- 
ment of real fat-cells (figs. 23 and 24). We 
rarely see more than two or three separate 
oil-globules in any one cell, and even these 
hasten — if the phrase may be allowed — to 
run together, so as to form a single Urge 
drop. The protoplasm, together with the 
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Daoleus, is pushed to one side, jnst as in colloid degeneration. 
The larger the size attained hj the oil-globule (and in the cells 
of a lipomatoas tamour its size is often great) the more difficult 




Fattj infiltration of connective tiune, ^. 



does it become to realise the presence of any residue of proto- 
plasm and nucleus. Nevertheless their existence is never to be 
doubted ; for should the fatty matter be reabsorbed the nuclei 
invariably reappear (fig. 25). 




Atrophied adipo>e tissne. 

Neither are we justified in supposing that the functional 
activity of the infiltrated cells is wholly abolished. We know 
that a liver, every cell of which has undergone the alteration in 
question, is still capable of secreting bile, though the secretion is 
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§ 63. All these predisposing caases come into operation 
whenever the blood contains more than its usual proportion of 
finelj-divided fatty matter — whenever tliere is a fatty di/scrasia, 
We recognise the presence of this condition by a cloudy, opales-? 
cent, whitish state of the serum. Under the microscope we 
may detect oily particles of considerable size ; or our examina- 
tion may yield negative results even with very high powers, if 
the emulsion is exceedingly fine. Such serum can always be 
cleared by shaking it with ether. If it is allowed to stand, the 
oily matter collects on the top, forming a creamy layer. 

This serum lacteum may always be found about three hours 
after a meal ; and it is not .to be wondered at that persons who 
eat much rich food should get fatty matter infiltrated into their 
connective tissue (obesity, polysarcia). Further,* we know fi'om 
experience that fatty matters accumulate in the blood of drunkards 
and persons suffering firom pulmonary disease, in whom the fat 
which is taken into the alimentary canal, and absorbed by the 
blood, is not completely burned off. In either case the liver is 
the chief reservoir of the superfluous fat. We also meet with 
FATTT MSTASTASES, diseases in which fat is absorbed from one 
place to be deposited in another. Tubercular diseases of the 
lungs are not infrequently associated with such metastases from 
the pannievhis adiposus to the liver. Since, however, in such 
cases we may also assume defective oxidation as a cause, those 
instances are of greater weight in which metastasis of fatty matter 
constitutes the essence of the disease, or is associated with 
disease of some organ other than the lung. I once met with a 
phenomenon of this kind in a woman 27 years old, the fat 
having been transferred from one place to another in the course 
of a single fortnight. 



II.-ON MORBID GROWTH* 

(INCLUDING INFLAMMATION). 



1. General CoKsroERATioNS. 

• § 64. In natural contrast to those tissue-ohanges which we 
have been hitherto considering stands morbid growth. By this 
term we understand every over-production of tissue-elements. 
The varieties of morbid growth differ extremely in their relative 
importance, whether as regards the organ in which they occur^ 
or in their relation to the body as a whole. We were able to 
assure ourselves that a certain impairment of potential function 
was constantly associated with every sort of retrograde meta* 
morphosis: this cannot be asserted of morbid growth. We 
musty however, guard ourselves jealously against inferring any 
general increase of functional capacity, such as might be expected 
a priori from the contrast between the two orders of phenomena ; 
at most we can only speak of a deviation fiY)m the normal 
standard of fimctional power ; and that is not saying much. To 
get a soimd basis for a comprehensive knowledge of morbid 
growth, it is both practically advantageous, and quite in acoord-i 
ance with the principles of modem pathology, that we should 
endeavour, in the first place, to reduce its manifestations to an 
excess of physiological growth^ i,e. of the normal development and 
growth of organs. A historic retrospect (which need be very 
brief) shows us that this principle was always in the mind of 
our forerunners ; but it has never been carried out to its strict 
logical consequences till now. 

§ 65. I will not go farther back than to John Hunter. In his 
celebrated treatise ^^ On the Blood, Inflammation, and Gunshot 

• "Morbid Growth" is here employed as Bynonymous with '*patho- 
logischeNenbildtmg;" the expression is unsatisfactory/ but it luts the 
merit of being more English than " pathological new-formation/' a bar- 
barism not nnfreqaently met with. — Tr. 
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Wounds/'* he developed the idea that an effusion of lymph was 
the necessary starting-point of all new growth. The plastio 
quality was regarded by him as a force inherent in the effused 
material, prompting it to the production of every sort of tissue 
from its own substance. An independent vascular apparatus is 
always the first thing to be developed ; this is responsible for 
every farther step in the process; it furnishes fresh snppUes of 
plastic lymph, and so on. Through conceptions of this order — 
which rested, by the way, on a basis of the most careful observa- 
tion — ^we detect a glimmering conviction that the growth is some- 
thing foreign to the organism, something introduced into itfh^m 
without — a parasite, to use an extreme term. Hunter was led 
to this conclusion chiefly by comparing morbid growth with the 
development of the chick in the egg. He knew nothing of the 
oell, and regarded the pundum aaliens as the starting-point of all 
development 

The discovery of the cell, speedily followed by the recogni- 
tion of cells in the embryo before the existenoe of a heart, 
necessarily exerted a modifying influence upon Hunter^ 8 theory. 
The development of the vascular system fell back at once into 
a secondary place ; and when it became certain that, apart from 
the first mapping out of the circulatory system, every develop- 
ment of new vessels was ooly an extension of the already 
existing system of canals, the theory of an ^^ independent vascu- 
larity" of new growths fell to the ground, carrying with it in its 
fidl a good part of their personal individuality. The question 
was shifted fix)m " How do new growths originate ?" to " What 
is the origin of cells ?" The alternative which had presented 
itself in the case of the vessels recurred in the question as newly 
formulated. Theories were at once construct^, based on the 
tpontaneou^ generatum of the cell. Plastic lymph, or rather the 
" plastic quality" of lymph, continued as before to be regarded as 
the formative cause in the genesis of tissues. It now received 
the name of cytoblastema, or more briefly blastema. 

A full discussion of one or other of these theories would lead 
me too far. Suffice it therefore to say, that the doctrine was 
at first applied very unconditionally. Blastema, wherever found, 
was supposed to consist of an exudation of the plasnia mnguinis. 

•Translated into German by Hehensireit in 1797. Pabliohed by 
Hunter in 1793. Palmer's edition, vol. iii. 
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lu this pure fluid miuute granules were first of all developed ; 
these united to form nucleoli, then nuclei, and last of all cells. 
As time wore on, men grew more cautious ; the possibility of 
cell-formation was made conditional on the presence of at least 
the elementary granules pre-formed in the blastema. 

It cannot be denied that a transition period of mixed theories 
intervened between the original doctrine and that finally estab- 
lished by VircJuno : omnia cellula e celluld. Wherever cells are 
present in the organism . they are the progeny of other cells 
which have ceased to exist ; they inherit the existence, though 
not always the peculiarities and vital properties, of their pro- 
genitors. The question as to the mode in which cells originate 
was thus permanently settled. The cells which we find among 
the products of morbid growth likewise owe their origin to the 
division of pre-existing cells. But of what pre-existing cells ? 
This still demands an answer. Virchowy whose authority On this 
subject has been absolute during a period of ten years, elaborated 
the theory that the cells situated at the point occupied by the 
growth undergo multiplication by fission, that the new tissues 
were actually substituted for a certain proportion of the normal 
constituents of the body. On the other hand, CohnJieim has 
established beyond all doubt that a migration of colourless cor- 
puscles from the vessels — a plastic exudation in the strictest 
sense of the word — may supply the materials for morbid growth. 
Of course, these corpuscles also result from the proliferation of pre- 
existing cells ; but the parent-cells are at a distance firom the seat of 
disease; they are in the blood, the spleen, the lymphatic glands. 
This, indeed, does not exclude the possibility of growth taking 
place in loco morbi ; on the contrary, Strieker* a recent researches on 
inflammation afibrd conclusive evidence that migration is followed 
by fission of the emigrant cells, and, within certain limits, of 
those cells also which exist pre-formed at the seat of mischief. 

§ 66. Led away by these inquiries into the fundamental 
nature of the process, observers have in the meantime neglected 
to institute a more careful comparison of morbid with normal 
growth. I will endeavour, to the best of my ability, to remedy 
this defect ; but some preliminaries of a general kind must first 
be settled. And, in the first place, we must not rest content with 
the bare assertion that cells originate from cells, without being at 
the' pains of acquiring a fuller knowledge of the minuter details 
of the process. Tlic cells of the adult organism differ very 
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widely and in various ways from the form originally common to 
all — ^that of a nucleated lump of protoplasm ; the changes which 
have resulted in their differentiation being connected with their 
functional activity. Hence we find that in nearly every tissue 
our series of productive metamorphoses sets out from a different 
point. We cannot shut our eyes, however, to the constant recur- 
rence of certain common features, by combining which we may 
very well construct a general plan of cell-production de novo^ 

An incbsase in the numbeb of nuclei is never absent in any 
case of ceU-developmeni It is in the highest degree probable 
that this increase is due in every case to fission of the original 
solitary nucleus. Over and over again has this fission of the 
nucleus been observed. We possess a countless number of care* 
fbl descriptions, telling us how the nucleus becomes lengthened, 
how it is narrowed at its middle, exhibiting an hourglass con- 
striction or inflexion, until at length its halves separate from 
one another, and two nuclei take the place of one (fig. 26). 

The nucleolus too seems occasionally to take 
part in the process. Nucleoli with a central con- Fio^o. 
striction, hourglass-shaped, and double, have been 
repeatedly observed in the large, vesicular nuclei 
of canoer-ceUs, in which the behaviour of the 
nucleolus admits of being clearly traced. It must 
nevertheless be admitted that the actual occurrence 
of fission has been comparatively seldom seen. 
This is easily accounted for by the extraordinary 
quickness with which the fission takes place. 
According to all observers who have been lucky 
enough to see the phenomenon actually take pla(» Cells ehowing 
before their eyes in recent living cells, it is the fissionof nu- 
work of a fisw seconds. Add to this that it may carcinoma. 
begin repeatedly, only to recede again ; in whidi 
case the inflexion which has been formed is again effaced, until, 
after several abortive attempts, fission is completed suddenly, as 
though it were a task for the due execution of which repeated 
efforts were needed. The same remarks apply to the subsequent 
fission of the cell itself; in either case we must bear in mind 
the saying of an illustrious naturalist, to the effect that one 
positive observation carries more weight than any number of 
negative ones» 

§ 67» Another phenomenon^ which usually accompanies fission 
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of the nucleus, is an increase in the amount of protoplasm. 
Apart from the a priori difficulty of conceiving how, without a 
proportionate increase in the bulk of the individual cell, it can 
foinish an amount of matter nearly twice as great as itself, we 
have the direct evidence of the microscope ; this increase in 
volume having been observed so often that its occurrence is no 
longer open to any doubt. 

Fission of the nucleus, together with increase in the amount 
of protoplactm, thus make up the first stage in the genesis of cells. 
The process may be arrested at this point ; it may be limited to 
a repeated multiplication of nuclei with increase in the amount 
of protoplasm. It then gives rise to those peculiar structures 
which have been described by Robin under the name of mt/Ho^ 
plaquesy or celiules h noyaua muUiples. These are comparatively 
large, single-contoured flakes of a very finely granular, feebly 
refracting material ; each flake exhibiting in its interior a large 
number (as many as twenty to thirty) of round nuclei, furnished 
with nudeolL These structures vary greatly in their external 
form, which is obviously quite independent of any law of symmetry, 
being determined by the shape of the cavity which they contri- 
bute to fill. It is only when these giant-cells {Virchcw) are 
found embedded in some very soft and yielding tissue that they 
assume more or less of a globular, or, at all events, rounded 
shape (fig. 27 a) ; in tissues with a fibrous structure, the giant- 
ceUs are furnished with processes, which must be regarded as 
prolongations of the plasmatic efiusion to which the increase in 
size of the cells is due, into the interfibrillar interstioes. This 
relation is most instructively elucidated by a case of BUirotVs, 
where the giant-cells originated, in the manner just described, 
from the cellular elements of muscular fibre. At the periphery 
of the tumour (which was caused, at least in part, by this very 
phenomenon) Billroth succeeded in demonstrating that the mus'^ 
cular fibres were swollen, and their fibriUse dissociated from one 
another. The individual giant-cells exhibited the forms figured 
in fig. 27 b. I made a similar observation in the case of a 
connective-tissue growth in the white substance of the brain. 
The great point to be borne in mind is, that every giant-cell has 
really sprung from a pre-existing cellular element ; an example 
of the almost unbounded formative power at the disposal of the 
organism in the person of each of its constituent cells. 
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j 68. The EccoDil stage in cell-derelopment is rissiON of the 
cKii itself. Each of the newly-formed nuclei operate* as a centre 
of attraction for the protoplasm which immediately Barroonde it; 




Giant'CellB. a. Bounded {Virehow) ; h. With proccaaes : from a 
mnacalor tumour (BSlrvlli). 

and when this attraction goes so far as to isolate a segment of 
protoplasm round each nuclens, we say that the cell has under- 
gone division. 

^e microecopio appearances presented by this " segmenta- 
tion " of the protoplasm are not alike in all cases. The leading dif- 
ferences are due to the degree of cohesion to which the peripheric 
layer of the parent-cell has attained. This outermost layer is 
in most cells of extreme tenuity — a " physical membrane," such 
OS is always formed at the junction of two dissimilar fluids which 
refuse to mingle with each other. The greater the size and the 
ago of the cells, the more distinctly are they seen to be invested 
by a colourless, homogeneous, highly xefractive, double-contoured 
membrane — a cell-membrane in the old sense of the word.* 

* 3f. Traiibe tries to find a chemical explanation of the phenomenon 
in the precipitation of an albnminoni constituent of the protoplBHm bj 
another colloid [Orakajn) substance acting upon the cell from without. 
Kahiui^t esperimentH on InfoBOria (Amoebce) agree very imperfectly 
with this bypothcsis. It is very certain that a membrane appears on 
the sur&ce of the amteba in consequence of aelemal irrilation; bnt 
Ki'hie finds that the membrane-pro dncing irritantB are rather of a 
phjsical than a chemical nature (electricit j, alterations in temperature) ; 
hence KuAma contents himself with defining the membraoe.fonuation 
■imply M a peripheral coagulation of the protoplasm. 
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The physiological cell-growth which accompanies or causes 
the growth of the entire organism, seems to be confined to such 
cells only as are either destitute of a limitary membrane, or 
furnished with a mere " physical investment " of extreme deli- 
cacy. Under these conditions fission of the cells, like that of 
their nuclei, manifests itself as a constriction and subsequent 
division of their body (fig. 28). The longitudinal splitting of the 
fibres of striped muscle is only a variety of fission. 

To this mode of cell-division by fission, morbid histology adds 
two further types, or, to speak more correctly, two modifications 
in the anatomical features of the process. These are, the develop- 
ment of cells in nucleated protoplasm, and endogenous cell- 
formation. 

The first of these presupposes two anatomical conditions ; the 
parent-cells must be quite devoid of a limitary membrane, and a 
considerable number of such wholly naked cells must be aggre- 
gated together. Under these circumstances the protoplasm of 
any cell will seem to be uninterruptedly continuous with that of 
neighbouring cells ; the outlines of separate cells are not dis- 
tinguishable ; and this of course applies equally to the outlines of 
the newly-formed cells. Should such cells divide, our only way 
of detecting their division would be by noticing that two nuclei, 
resulting from the fission of a single one, and originally in close 



Fig. 28. 



Fig. 29. 




Cells nndergoing fission, a. 
From a luzuriant granula- 
tion; h. Division of fibre 
of striped muscle. 




Nucleated protoplasm : frag- 
ment of a g^nalation. 



contact, have moved away from one another to a slight extent 
We cannot actually see more than the various stages in the 
division of the nuclei. 

We find Uiis nucleated protoplasm in the most luxuriant forms 
of cell-proliferation^ such as granulations^ soft cancer, and sar** 
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comata. It differs from the multinuclear giant-cells by its greater 
bulk on the one hand, hj its behaviour towards reagents on the 
other. For while the giant-cells maintain their continuity under 
all circumstances, the addition of a small quantity of acetic or 
chromic acid suffices to separate the nucleated protoplasm into its 
component cells. In these cases we may often see a shred of the 
nucleated tissue bounded by an arcuate or crenated border of a 
darker hue, where it is in contact with the acidulated fluid ; eadi 
individual arc corresponding to an isolated segment of the circum- 
ference of one of the constituent elements of the protoplasmic 
mass (fig. 29). 

Endogenous celUformation must also be regarded as a modi- 
fied variety of fission. Should a cell with a well-defined limi- 
tary membrane, such e.g. as an oldish epithelium or cancer-cell, 
be stimulated to production, the process confines itself to its 
inner, semi-fluid portion. 

It is here that the nucleus divides, and the protoplasm groups 
itself round die newly-formed nuclei. The resistance of the 
oell-membrane prevents the independent segments from separat- 

PiG. 30. 



Sill 9|'©o 



II 




EDdogeuous cell-fomiation. a. Development of pas-corpuscles 
in epithelial cells ; h. Brood-capsnles. 

ing ; and thus we obtain a more or less characteristic example of 
B parerd'Cell containing a brood of daughteT'CelU (fig. 30 a). It 
is self-evident that the daughter-cells are smaller in size than the 
parent-cells; they are always round, and usually resemble pus 
corpuscles. It by no means follows that every one of the nuclei 
resulting from fission of the original nucleus should become the 
centre of a daughter^cell ; on the contrary, one or more nuclei 
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remain over, giving colour to the theory that the ivhole process 
of endogenous cell-formation is independent of the nucleus, and 
consists of a spheroidal segmentation of the protoplasm, together 
with a generatio cequivoca of the nuclei. This question, for tlie 
present at least, must remain an open one. 

We are possessed of details, which are upon the whole very 
accurate, concerning the mode in which these endogenous cells 
are set free. The unsegmented portion of the parent-cell may 
be dissolved in the surrounding fluid, the included cells becoming 
eo ipso free ; or the included cell may slip out of its parent In 
the latter event a small quantity of fluid usually gatiiers round 
the daughter-cell, thus loosening it from its bed ; it then slips 
out by aid of its own amoeboid contractility. After its 
escape the cavity in the interior of the parent-cell ceases to 
enlarge. The appearance which is left has been compared by 
Virdww to a circular hole punched out of the parent-cell (fig. 
30 b). The old designation of these structures as brood-cavities 
or brood-capsules (Brutraume oder Brutraumzellen) may be 
retained, though Virclwwy in discovering them and giving them 
a name, started from the mistaken notion that the empty cavities 
were primarily developed in the parent-cells by a process of 
vacuolation, the daughter-cells originating in the vacuoles by a 
generatio cequivoccu* 

§ 69. It lies in the very nature of the subject, not only that 
the histological details of morbid growth admit of a generalised 
exposition, but that we can also give some preliminary notions 
of a general character respecting the coarser features of the 
process, respecting the /(wm« under which it presents itself 
to the naked eye. These are mainly dependent on the locality 
of the growth, and especially on whether it be situated in the 
parenchyma of an organ, or more towards its surface. I am 
well aware that no distinction of this kind can be strictly and 
universally applied ; but then we are concerned not so much with 

* Volkmann and Steudener suggest that the intussusception of one cell 
by the soil body of another may simulate the aspect of endogenous cell* 
formation. To a certain extent this is undoabtedly true, particularly 
in the case of epithelioid cancer-cells ; but I cannot think that the whole 
doctrine of endogenous cell -formation should be brought in question 
On account of the possible chances of an error of observation — an error 
too which it is not difficult to guard against. 
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the logical perfection as with the practical utility of oar defini* 
tions* We have to define technical terms devised bj the physician 
to meet his daily wants. We are not trying to classify the pro- 
ducts of morbid growth, but to give the reader a general view of 
their coarse morphology. 

A. When the products of morbid growth are situated in the 
parenchyma of organs, they may present themselves as — 

1. A X7NIF0BU ENLABGEMEKT of the affected organ in all its 
dimensions {intumescentia). This is synonymous with hypertrophy, 
in the oldest and least scientific sense of the word. The enlarge* 
ment may either be due to a uniform overgrowth of all the 
tissues of which tlie organ is made up, or to a quantitative excess 
of some one structural element which is uniformly distributed 
throughout the organ. Were it not more prudent to drop the 
word hypertrophy altogether, we might call the former variety 
iruey the latter false hypertrophy. The former is exemplified in 
the muscular hypertrophy due to exercise — a hypertrophy in 
which not only the muscular fibres, but the perimysium and the 
vessels take part ; so that, on microscopical examination, the 
hypertrophied muscle is not found to differ in any respect from 
a normal one. The same is true of some forms of hypertrophy 
affecting the spleen and the lymphatic glands. On the other 
hand, we must give the name of false hypertrophy to such uni- 
form* enlargements as are due to an increase in the amount of 
interstitial connective tissue in glands, muscles, &c. The vague* 
ness of our whole^conception of hypertrophy, however, is obvious 
from the fact that even fatty infiltration is occasionally admitted 
into this category. 

2. A KNOT (nodus). By this we understand a circumscribed 
tumour more or less globular in form. In size it may vary from 
a granule barely appreciable to the naked eye to that of a 
man's head. Its size is solely and directly j)roportional to the 
amount of newly- formed tissue. On cutting through an organ 
in which a mass of this sort is embedded, we find it protruding 
more or less above the surface of section. Hence we may justly 
infer that it must exert some measure of tearing, stretching, and 
dissociating force upon the healthy parenchyma which surrounds 
it Hence too its tendency to grow in the direction of least 
resistance, so that when it happens to be situated at or near the 
surface it causes a globular protuberance. The degree in which 
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all tLbese properties are manifested varies directly as the amount 
of newly-formed tissae, inversely as the amount of tiasue replaced 
by the morbid products. The less the qaantity of parenohyma 
whioh has been used up, the more does the growth tend to 
squeeze it and to protrude from it There ore knot« whioh, as 




Naked'Cye forms assumed by prodacts of morbid growth : dia- 
grammatic. The shaded part denotes the norouil paren- 
chyma, a. TTaiform swelliag of a whole organ; al. Its 
normal oatljne ; b. The knot lnodu») ; c Ittfiltration ; d. 
Growth of a knot by infiltration ; e. Flat intumescence ; 
/. Tuber; g. PapiUa; h. Ftmgtu; i. Polypw ; k. Den- 
dritic ontgrowth (papilloTna), 

soon as they have arrived at a certain, and that by no means 
striking size, cease to grow by extension of the morbid actjon 
to the contiguous parenchyma (grovrth by apposition), and pro- 
ceed to increase by proliferation at their oen^ (central growth). 
The knot then acts almost as a foreign body. The mechanical 
irritation of surrounding parts, alluded to above, assumes so 
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great an iatBnsity as to lead to chronic inflammation, and the 
prodnotion of connective tissue. As the size of the knot 
increases, the connective tissue presents more and more the 
appearance of a capsule, continuous with the knot only at scat- 
tered points of its surface — ^those, namely, where the vessels enter 
it and leave it ; elsewhere it is smooth and humid, often lined with 
pavement-epithelium. The continuiiy of the capsule with the 
knot must originally have been universal. The partial solution 
of this continuity demands explanation, and this explanation 
can only be of an indirect kind. 

I presume that all observers are agreed in regarding the 
interstitial cavities of the connective tissue (e,ff. the bursas 
mucosae), as produced by the movement of organs as a whole 
upon one another, the space required for this play being furnished 
by a partial softening of the connective substance. The wide 
meshes of the areolar tissue are the simplest, the articular cavities 
the most complex, examples of this arrangement. The case 
with which we are now concerned is in all respects analogous 
to the movement of one of the internal organs upon another, 
inasmuch as no increase in the superficial area of the knot can 
be imagined to take place without some displacement of its points 
of contact witli neighbouring parts. Embrace the right fist with 
the palm and fingers of the left hand. On gradually extending 
the fingers of the former we get an approximate illustration of 
the phenomenon in question. The doctrines held on this subject 
by the generation immediately before our own, difier from those 
now adopted, just as the old view of brood-capsules difiers from 
ours, llie capsule was considered as a pre-formed cystic or 
cellular cavity, into which the ^' neoplasm " was subsequently 
poured.* 

3. An infiltration. This term occurs hero for the second 
time, though used in a very difierent and very inappropriate 
sense. When we speak of a tubercular infiltration of the lungs, 
of a cancerous infiltration of the liver, we mean a uniform 
swelling and condensation of large portions of these organs. 



* Hence the old division of tumours into cystic and non-cystic. The 
former division coincided with benign, the latter with malignant, 
growths. We shall hereafter see what measure of truth was here 
attained by the practical instinct of the physician. 
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due to a deposition of the morbid products in a very large 
number of minute foci. Infiltration is thus intermediate between 
uniform intumescence on the one hand, and nodal growths on 
the other. It need hardly be added that they pass into each 
other by coimtless gradations. Should, e.g.j the tubercular foci 
be somewhat larger and more isolated than usual, the infiltration 
becomes a collection of granulations. When we find a circum-* 
scribed and solitary deposit of tubercle, as we sometimes do in 
the brain, we call it a tuberculous nodule. So too, we com- 
monly find a zone of infiltration round such knots as increase 
rather by peripheral apposition than by central growth. In these 
cases we may see, even with a simple lens, the creeping extension 
to neighbouring parts, in which continuity with the parent knot 
is never interrupted, associated with a per solium advance, fresh 
nodules being developed independently at short distances fix>m 
the periphery of the primary centre ; these enlarge, and finally 
coalesce with the central knot. Such a zone of nodules may 
justly be termed a zone of infiltration. Hence the phrase which 
continually recurs in post-mortem records — ** the parts adjoining 
the tumour were already infiltrated.'' The transition from infil- 
tration to uniform intumescence is determined by the degree of 
extension of tlie infiltrated parts. Should the entire organ be 
infiltrated, it is hard to see why wo should not call it uniformly 
swollen. 

B. When the morbid products are situated on the surface of 
an organ they assume the form of — 

4. A DESQUAMATION (desquamatio). This term is restricted 
to an abundant shedding of epithelial cells. Should it be attended 
by a considerable secretion of fluid, we call it a catarrh ; thus 
generalising a term primarily applied to catarrh of the mucous 
lining of the nasal fossSB, in the course of which the morbid 
secretions flow down from the nasal cavities (icarappct). 

5. A FIAT, TABULAR SWELLING (bcctartige Anschwellung). 
This corresponds to the ^^ uniform enlargement" of parenchyma- 
tous organs, like which, also, it is occasionally called ^^ hyper- 
trophy." Here too, the distinction between true and fisdse 
hypertrophy recurs. It differs firom true hypertrophy in never 
involving the whole of a cutaneous or mucous surfiice ; it may 
extend over large tracts of it, but is always separated firom the 
healthy structure at some point or other by a distinct line of 
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demarcation ; to this peculiarity it owes its occasional name of 
'^insular intumescence." It occurs in the course of many 
chronic inflammations of the skin and of the arterial coats, in 
enteric fever, and in many forms of cancer. 

6. A TUBEB. The area occupied by the base of any cir- 
cumscribed swelling remaining constant, its progressive increase 
in height makes it more and more of a tuber. The outline and 
height of a tuber may vary within certain limits ; when much 
elongated it is termed a wart (papiUa). The base of a tuber, 
however, always remains its broadest part. Should its base be 
narrowed its edges necessarily come to overhang it, and the 
growth becomes — 

7. A fungus; or, 

8. A PEDUNCULATED TUMOUR (jpclypus). The distinction be- 
tween a fungus and a polypus depends essentially on the mode 
in which the constriction at the base of the tuber is brought 
about. Should this be merely relative, i.e. due to excessive 
proliferation in the distal portion of the tuber, we call the growth 
a fungus. The fungus has a broad pedicle and a flattened top. 
Should this relative narrowing of the base be associated with an 
absolute contraction, by the dragging of the head as its size 
increases, whether by its own weight or the application of 
external force, the base gets narrowed down to a relatively thin 
stalk, and a polypus is the result. 

9. A CAULIFLOWER GROWTH. This is undoubtedly the most 
complex form which can be evolved from a circumscribed eleva- 
tion of the surface. As its name implies, it is constructed on a 
dendritic type. We have a trunk which gives off branches at 
different angles; on the smallest twigs we occasionally have 
leaves or berries. Glands with branching ducts are similarly 
constructed (those known as acinous glands). The analog}^ 
between the first mapping out and early development of these 
glands and that of the dendritic vegetations from cutaneous and 
mucous surfaces is very striking. We shall return to it more at 
length when we come to speak of these growths in detail. 
Suffice it for the piesent to say that in the dendritic outgrowths, 
as in the acinous glands, the essential part of the entire forma- 
tion is to be sought in the ultimate elements of their structure. 
And here the ultimate element is the elongated tuber — the 
papilla. And indeed no other view harmonises so well witli the 

6 
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known cooiBe of development in dendritic ontgrowtli& A 
simple papilla is in every case the starting-point of the whde 
series of changes ; at some point of its sui^Bioe it gives off a 
lateral sprout, a fresh papilla ; we tibas get a foriced process, or 
a trunk with two branches. The phenomenon rq^eats itself, and 
underlies the most complex ramifications of the morbid growth. 

In bringing this general view of the subject to a oondusion, 
I would remark that the morphological nomenclature given above 
is very lax — ^that the terms pass into one another by imper- 
ceptible gradations ; and I insist on this faet mainly because it 
gives me another opportunity of combating the pre-histdbgical 
delusion that, when we have described the naked-eye appear- 
ances of a new growth, we have got any nearer to its essential 
characters. This mistaken notion was excusable enough so long 
as minute investigation liad to contend with greater difficulties 
than those which now beset its path ; it was excusable, moreover^ 
because certain morbid growths adopt one form in preference to 
others ; nay, some of them occur oidy as fungi, as polypi, as 
papillae, &c. But this, of course, does not preclude other pro- 
ducts of morbid growth frx)m assuming the same forms. And 
what is true of external form is equally true of the remaining 
naked-eye characters— of size, consistency, and colour — aU of 
which have been employed as principles of classification in the 
same mistaken way.* 

§ 70. By way of appendix, I will here allude to a peculiar 
element of structure which may complicate the most various 
forms of morbid growth-^I mean the cyst. This term includes 
every sharply circumscribed globular or spheroidal cavity filled 
with fluid. This definition does not take the cjrst-wall into 
account; for although a special <^t-wall, or sac (Balg) is 
often present, yet it is not invariably so. The contents of 
different cysts difier widely from one another. They may be 
thin, and clear as water ; they may be greasy or pasty ; nay, 
they may even be so thick as hardly to allow of their being 
caUed fluid at alL These varieties essentially depend upon the 
mode in which the eysts originate. And hsm we have to dis- 
criminate between — 



* Farticnlarly aa regards tumomv. Gf. VvrtSuM, ** Die Lehre von den 
Kraakhaften Geschwnlsten/' Berlin. 1864 
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a. jRetention^a/sts. — These cysts originate, as their name im- 
plies, in the retention of secretions : we may add that the secre- 
tions are invariably snch as would naturally be voided on the 
free surface of the body, whether skin or mucous membrane, 
and then removed or otherwise disposed of. The presence of a 
rece» or diverticulum, of a cavity open at one end and closed at 
the other, is necessary for the production of a retention-cyst 
This cavity is shut off by some accident, and converted into a 
cyst by the retention of the matters which continue to be unin- 
terruptedly secreted, and which therefore accumulate at their 
place of origin. Such conditions are obviously most common in 
the physiological recesses of the skin and mucous membranes, in 
the ducts and terminal caeca of the tubular and acinous glands ; 
that similar conditions may also occur elsewhere will be shown 
farther on. 

On inquiring into the causes which may lead to closure of the 
efferent duct of a gland, we are met by various possibilities. 
The simplest, yet least common mode, is that by plugging of 
the duct (obturatto). Solid bodies, whose size and weight do 
not allow them to pass through the ducts, nearly always originate 
as precipitates, or concretions from the fluid secretion itself, e.ff, 
biliary, urinary, and salivary calculi. More rarely the efferent 
<lucts of a gland are stopped up by solid matters of extraneous 
origin, e.g. hydatid vesicles. Again, a duct may be obstructed 
by mutual adhesion of its walls (obltteratio). Causes which pre- 
<Iispose to this mode of obstruction are external pressure, and a 
raw, ulcerated condition of the surface, particularly when this is 
followed by cicatrisation. When incomplete in degree it is known 
as stricture (stenosisy strictura). Finally, pressure firom without 
(campressto) is suiBcient of itself to narrow, pucker, and constrict 
the duct This last mode of closure, which usually becomes 
^complicated at a later period with " obliteration," is of prime 
importance as regards new growths; for not only are such 
growths in the neighbourhood of the urinary passages, the pan- 
creatic and choledoch ducts, capable of closing these great 
efferent canals by compression and constriction, giving rise 
thereby to colossal dilatation of that part of the mucous tube 
which is above the point of obstruction, but the same process 
is repeated on a small scale whenever a new growth involves 
liic gland-substance itself. Single uriniferous tubes, lacteal 
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ducts, tubuli seminiferi, &c., are constricted by interstitial 
morbid growths; the secretions accumulate: the longer this, 
lasts the more does the original form of the isolated cavity (sc. 
that of a hollow cylinder) give place to a spherical or spheroidal 
shape ; a cyst is formed, whose walls are identical with those of 
the original duct, whose contents are (at least in the earlier 
stages of the process) identical with the proper secretion of 
the gland. 

A rare, but on that account all the more interesting variety 
of retention-cysts, is that which originates, not in the ducts of 
glands, but in the interstitial and intercommunicating lacunas 
which are left between the trunk, branches, and terminal papilla> 
of dendritic vegetations. It does not appear, at first sight, as 
though these intei*stitial lacunas were in anywise fitted for con- 
version into cysts. Not only do they freely communicate with 
one another, but they are everywhere in such free communi- 
cation with the external medium, that it would be an abuse of 
language to speak of orifices, or of a plugging of such orifices. 
This is true, and continues true, so long as a dendiitic growth i& 
situated upon a free and level siurface. But matters take a diffe- 
rent turn when tlie growth starts from the inner surface of a 
cavity. Take a papilloma proti*uding from the external os into 
the vagina. A time must needs come when the growth fills the 
canal of the vagina so completely that its walls begin to exert a 
lateral reaction upon the tumour; and this counter-pi'essure 
must increase in proportion to the bulk of the tumour. Tlie 
papillas are bent towards each other ; their convex surfaces are 
made to touch ; they ultimately coalesce along the lines of con- 
tact, and thus convert the open inter -papillary space into a number 
of minute, tubular crypts which differ from tubular glands only 
by appearing, in transverse sections, to be bounded, not by 
circular outlines, but by three or four arcs, convex inwards, arcs 
which correspond to the convex surfaces of the contiguous and 
coalescent papillae. These tubes are quite as well adapted as 
gland-tubuli for the development of cysts ; all that is required^ 
indeed, for the occasional closure of one or other of these inter- 
papillary spaces at its external orifice, or at some point in its 
continuity, being a continued operation of the same external 
pressure ; and so a retention-cyst is formed. 

Tliis is an excellent opportunity for realising how any accu- 
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tnulation of fluid tends to transform the cavity in wliicli it is 
contaiced, wllate^'er its original shape, into a sphere (fig. 32). 
Before retention begins the inter-papillaryspaoes eodiibit, on trans- 
verse section, triangiUar and fonr-comwed figni-ea with incurved 
sides and verj- acute angles, figures such as necessarily follow 
from the apposition of cylindrical bodicH. As the fluid accu- 
mulates, the acute angles open out. Tliey pass through a para- 
bolic into a simple cur^'c. The inflexc<l sides, for their part, are 
gradually depressed till their convexity is quite effaced ; aiid 
these two sets of movements eo-ojxtrate to give the space a cir- 
cular figure when cut across — the cavity becomes globular. 

It would lead me too far were I to attempt in this place to 
give a detailed analysis of t)io physical law which governs tliis 
series of phenomena. I will content myself with reminding the 
reader that of all stereometric bodies the sphere is that in wliich 
the capacity is greatest in proportion to the area of its surface. 
^ long, therefore, as the contents of a body continne to increase 



Fapillotna cysticum from the portio vaginalis, aliowiag coiiTer> 
sion of iBter-papillary fissures into retention-cysts. 

in amount, witliout any corresponding extension of its internal 
surface, the body must necessarily tend to assume a spherical 
form. The present is a case in point. I may add that the 
principle which we have just seen illustrated by a single example 
is one of very frequent application in the organism. I need 
only allude to the shape of the eye, of the urinary and gall- 
Uadder, of the heart, &c. 
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b. Exudaiion'-cysU. These, too, arc Bccrctiug cysts. Tkeir 
mode of origin, however, is diametrically opposite to that of 
retention-cysts. The shut sac is not in this, as in the former 
case, produced by the isolation of a csecal recess ; it is pre- 
formed. The foundation for exudation-cysts is laid in mucous 
bursse, in the sheaths of tendons, in serous sacs, in the ventricles 
of tlie brain and cord. Moreover, the accumulation of fluid is^ 
due, not to the continuance of the normal secretion, but to an 
exudation of serum from the blood, transcending the normal 
standard, and containing salts, albumen, fibrinogen, and extrac- 
tive matters in the most variable proportions. Exudation-cysts- 
have but little to do with morbid growth. We shall come across 
them again under the most diverse names — most of which are 
derived from the watery nature of their contents — as dropsies, 
hygromata, hydatids, &c., of the different organs of the body* 
Of greater moment for our present subject are tlie — 

c. Extravasation^sts. A parenchymatous haemorrhage may 
readily serve as the starting-point for the development of a cyst 
It were difficult indeed to give the name of a cyst to a shapeless 
clot of extravasated blood not smoothly and sharply marked off 
from the neighbomring parenchyma, but leaving it irregularly 
torn and broken up. The extravasation may in some cases, how- 
ever, present the characters of a cyst from the very first, sc. 
when the blood has been poured out between two sar&ces which 
are naturally smooth (e.ff. between periosteum and bone, between 
cartilage and perichondrium), and continues in a fluid state ; or 
it may be converted into a cyst by the production of a layer of 
connective tissue from the adjoining parenchyma on the ono 
hand, while on the other the blood i^lf undergoes a series of 
metamorphoses, ending in its being almost wholly absorbed and 
replaced by a clear fluid. 

d. Ci/sts due to softening. In studying the various ** conditions 
of involution " to which the tissues are liable, we came across 
more than one process which led to softening — to the formation 
of a morbid fluid. I aUude more particularly to fatty degenera- 
tion and mucous softening, the former of which, under certain 
conditions, may yield a milky emulsion, the latter a fluid clear 
as water, containing mucus and albumen, ^ould the escape or 
the absorption of these fluid products of softening be hindered, 
their local accumulation, without farther change, may offer all 
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the characters of a cyst due to softening. It will do this more 
especiallj when it is shot off bj a smooth and sharp boundary- 
line. That sach limitation of a cjst due to softening is not 
brought about by any membrane capable of being anatomically 
isolated, lies in the veiy nature of the thing. The presence of 
such a membrane may very well be simulated, however, by all 
the textural dements situated on the confines of the affected 
region being in the same stage of metamorphosis, and thus 
forming a layer which differs equally from the healthy paren- 
chyma and from the fluid products of softening. 

So long as one of these cysts continues to enlarge by the 
extension of softening to surrounding parts — so long, in a word, 
as it remains a mere ^^ centre of softening" (Erweichungsheerd), 
it has no true limitaiy membrane. But a cyst originally due to 
softening may subsequently obtain .a lining membrane. In a 
case of this sort, the softening process comes to a standstill, and 
the adjacent tissues are organically marked off from the softened 
part Like all interstitial cavities in the parenchyma of the body 
(whether physiological or morbid), the cyst is lined by a con- 
tinuous layer of connective tissue, which may, under certain 
conditions, become coated with epithelium. It is then analogous 
in all respects to a bursa mucosa. Any changes which the con- 
tents of the cyst may subsequently undergo depend on their 
rdations with the blood-vessels ramifying in the lining membrane : 
should they increase in amount, their increase is due to exuda- 
tion fit>m the blood. Hie cyst due to softening may thus become 
a secreting cyst. 

In conclusion, let me repeat what I have said already in the 
course of the foregoing pages, that for the history of morbid 
growths retention-cysts are of prime importance ; next come the 
cysts due to softening and the hasmorrfaagic cysts ; while the 
exudation-cysts have next to no connexion with the subject In 
the nomendature of morbid growths we usually employ the 
prefix cffstOy to denote that they are complicated with cysts ; thus 
we speak of cystosarcoma, cystocarcinoma, &c. 

2. On Nobmal as a Type of Mobbid Gbowth. 

§ 71. The preliminary observations of a general character 
contained in the foregoing sections have brought us to a point 
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at which it becomes necessary to classify the products of morbid 
growth. Now their minute structure affords no adequate basis 
for classification; we must seek aid &om some principle of a 
broader kind, and such a principle can only be found by 
attempting, as already suggested, to institute a careful com- 
parison between the phenomena of morbid and tliose of normal 
growth. We must distinguish between the initial and the later 
stages of normal growth, for it is chiefly among the latter that 
we find the analogies of which we stand in need. 

The first foundations of every organ are laid by the difie- 
rentiation of elementary parts which are originally equivalent. 
These elementary parts are small round cells, furnished with 
large nuclei ; the blastoderm and area germvnativa are formed 
by a continuous aggregation of thesis cells. The separation of 
the blastodermic membrane into three layers, which next ensues, 
has recently been subjected to much discussion* So much 
appears certain, that the organs of locomotion and sensation are 
developed from the upper layer ; from the under one those of 
respiration and digestion, while the middle layer is destined to 
form tlie blood-vessels and the connective tissues. His believes, 
however (and his view is to some extent confirmed by Waldeyer^s 
x^esearches), that from the very first moment of this subdivision 
there exists an absolute contrast or opposition between the upper 
and lower (two outermost) strata of the blastoderm on the one 
hand (the organopoietic strata proper, which, taken together, 
form the neuroblast)^ and the intermediate layer, the hoemoblastf 
on the other ; the latter being formed, not, as has hitherto been 
supposed, by a splitting of the inferior layer of the blastoderm, but 
by an independent ingrowth from the edges of the discus proli-- 
gerus. It would indeed be interesting to find the independent 
character of the blood-vessels and tlie parenchyma, of the nutriens 
and ike nutriertdumy shadowed forth even in these earliest stages 
of development. Tlie mutual independence of these two great 
components of the organism is definitively established, when 
the first rudiment of a vascular apparatus, the area va»culosa^ 
makes its appearance ; and there can be no doubt that it afiects 
the ulterior development of the individual most profoundly. 
From this time forth, no sooner is any new organ differentiated 
from the continuous aggregate of embryonic cells, no sooner do 
we gather firom the mode of aggregation of the specific elements 
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that a muscle, a nerve, a glaiid, &e., is being formed, than the 
vasealar system sends a looped process into it, and takes posses- 
sion of the new territory, as it were, in the name of the organism 
as a whole. Every fresh vascular loop is an outgrowth fi:x>m a 
pre-existing loop, so that the unity and independence of the 
entire system remain preserved. This law continues in force 
throughout the whole course of subsequent growth, and is mani- 
fested afresh in the adult organism whenever the occurrence of 
morbid growth gives it an opportunity. 

Passing now to the consideration of these later stages in the 
growth of organs, we are unhappily obliged to admit at starting 
that our knowledge concerning them is still very defective. It 
is only about the growth of bone that we possess adequate data. 
The mode of growth of epithelium is a question which presses 
for a solution. A few scattered facts are on record concerning 
the growth of the muscles and tendons. The main point, the 
central fact, which requires to be established in all these cases, 
is the relative share in the formative processes taken by the 
specific and functionally active elements of each organ on the 
one hand, by the conjoint vascular and connective-tissue system 
on the other ; the latter system, in its entirety, will henceforth 
be termed the Internal or intermediate apparatus of nutrition. 

A description of the growtli of the intermediate appakatus 
OF NTJTBiTiON itself forms the best introduction to a brief review 
of these processes. As regards the most important of its constitu- 
ent elements, the vessels, we follow Billroth in discriminating be- 
tween three modes of va!iscularisation de novo ((Jefassneubildung). 
The primary mode^ which occurs only in the area vasculoMy con- 
sists in a direct differentiation of the embryonal cells into red 
blood-corpuscles on the one hand, and the structural elements 
of the vascular walls on the other. We can see the cells closing 
up along certain definite lines, to form denser cords; those 
axially placed next assume a red colour, and begin to move in a 
clear fluid which collects round them; while those at the 
periphery, remaining stationary, eo ipso represent the vascular 
walls. Tlie walls of the new vessel are not indeed marked ofi^ 
from the surrounding parenchyma by any distinct boundary- 
line ; on the contrary, we get the impression of a continuous 
mass, through which canals are tunnelled in every direction; 
moreover, single cells continue here and there to separate from 
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the islets of parenchjrma, and to enter the blood-current, where 
they ai'e converted into blood-corpuscles. Snch phenomena as 
these, however, are only apparently contradictory to the well- 
known stmctore of the apparatus when complete. Tlie very next 
step clears up this point This step is the formation of an endo- 
thelial Iming to the vessels, which is justly regarded by Eberth 
{Striclei'y *' Manual of Histology," Syd. Soc. transl., i. 264) 
as the essential basis, the only universal and characteristic ele- 
ment of the vascular wall. With the formation of the endo- 
thelial tube, which, as the reader is aware, consists of a very 
delicate membrane, made up of elongated, polygonxd, nucleated 
cells, all detachment of cells from the inner sur£EU^ of the vascular 
wall is at an end, and a definite boundary-line is established^ 
beyond which the parenchyma, in the broad sense of tlie word, 
may be said to begin, whether it consist, as in the present case, 
of embryonic tissue, or of connective substances, or of connective 
tissue with muscular fibres, &c. 

The completion of the endothelial tube brings the process of 
primary vascularisation to a close. Should a new vascular loop 
be required, it can only be formed by a protrusion of the endo- 
thelial tube. Such a protrusion is therefore constantly asso- 
ciated with those modes of vascularisation which Billroth calls 
secondary and tertiar}% It occurs most manifestly in the tertiary 
mode. In this variety csecal protrusions may readily be seen to 
occur at certain points in such capillary vessels as are already 
pervious ; these gradually extend, and finally bend round in the 
form of an arch, to rejoin the parent vessel ; or two such protru- 
sions may meet each other, with the like result of producing a 
new ctipillary loop by their union. A more minute examination 
demonstrates the presence of certain fine, threadlike processes, 
whose exact relations are rather hard to determine, in connexion 
with these ca^cal protrusions (fig. 33). The best object for this 
investigation is undoubtedly the transparent bonier of the tail of 
a tadpole ; but even here the vessels are surrounded by a number 
of stellate connective-tissue corpuscles. Should we find the pro- 
trusions from the capillaries continued into these corpuscles, they 
may be viewed as identical with the direadlike processes, and wo 
infer that the development of the capillaries takes place by a 
direct metamorphosis of corpuscular elements; should we £iil, 
on the other hand, in demonstrating any such continuiiy, the 
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threadlike prooeaeea will have to be regarded sb peculiar stractures^ 
whidi oerve to map out the course of the future vessels. Long 
and patieDt inveBtigatious have led to the conclnsios that either - 
ahemative ia poeuble. The capillary protrusions neither seek 
nor avoid the corpuscular elements. The direction of the future 
vessel ia determined by conditions of a more general order; 
should it happen to coincide with a neighboaring cell, this takc» 
part in ftmning the wall of the vessel ; should it coincide witli 



Tertiftr; vucnlAriBation. Border of tadpole'i tail. a. Capil- 
laries; b. Ljmpiiatics; c. YMcalar bads; d. Ditto, in 
connexion with a connective- tisane corpuscle; e. Free 
border, with epidermis. 

the boundary-line between two adjacent cell-territories, we see- 
the vascular bnd taking an inde^>endent course. According to 
Stricica; the outer surlace of the capillaries is continuously coated 
with a thin layer of protoplasm ; the protoplasm is not confined 
to the nucleated points ; and this view would at once provide u» 
with materials for the development of onr vascular buds. Tliat 
these really consist of protc^Iasm is shown, on the one hand, by 
their optical similarity to the protoplasmic processes of the con- 
neotive-tissne corpmcles ; on the other, by the &ct that these- 
processes can take their place in the development of new vessels. 
When the new capillary is thrown open to the blood-current. 
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t])e protoplasm fonns a thin layer over the entire surfaee of tlie 
tube. It tlien stiffens, foiming a membrane which differs in 
Jio respect from that of the parent-vessel, with which, indeed, 
it is uninterruptedly continuous. Should connective-tissue cor- 
puscles have taken part in the construction of the new vessel, 
they take their place, after the metamorphosis is completed, among 
the constituent elements of tlie endothelial tube. 

Secondary vascularisation is almost exclusively confined to 
the domain of pathology ; it may be regarded as a modification 
of the tertiary mode in so far as it also is associated with a 
gradual dilatation of the endotlielial tube. It differs from it, 
however, in the greater prominence assumed by the apposition 
of new elementary parts to the wall of the vessel. The course 
•of the future vessel is mapped out by a cord of spindle-shaped 
cells, arranged in parallel rows ; these cells midergoing direct 
•conversion into endothelial elements when tlie axial lumen comes 
to be thrown open. The many varieties of this secondary mode 
of vascularisation will be more fully examined under the head 
of Inflammation and several species of tumours. 

§ 72. The second constituent of the intermediate apparatus 
of nuti'ition is the connective tissue. From tlie embryological 
point of view, the term "connective tissue" embraces that residual 
portion of embryonic tissue which is left between the blood- 
vessels on the one hand, and the functionally active tissues on 
the other. The parenchymatous islets of the middle layer of 
the blastoderm are either used up or pushed aside during the 
development of the organs ; and in proportion as they undergo 
one or other of tliese alternatives, we find the organs provided 
with a larger or smaller amount of connective tissue. In some 
organs hardly any connective tissue can be shown to exist, as e.^. 
in the kidney and the testicle ; the lobules of the liver appear to 
be exclusively made up of capillary vessels and secreting cells. 
Yet it is possible to discover with absolute certainty small 
quantities of unformed connective tissue both in tlie testicle and 
in the renal parenchyma; and where even this minimum is lacking, 
as in the hepatic lobules, the connective tissue is represented by 
the capillary walls tliemselves. For the cells of the endothelial 
tube are equivalent to those of the connective tissue ; indeed, we 
have already seen that the latter are capable of directly replacing 
ihe former in the tertiary mode of vascularisation. Moreover, 
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Batwier has found that the cells of the lax subcutaneous con- 
nective tissue may exhibit a flattened form ; this shows that the 
connective-tissue coq)uscles are generally disposed to adopt the 
form of thin lamellae when they happen to lie in interfibrillar 
spaces of considerable size. The evidence as to the homolog\' 
of the connective-tissue corpuscles with the cells of the endo- 
thelium is completed by the homology of their formative pro- 
ducts, products which both are capable of yielding in a certain 
measure, as we shall see hereafter. Of course I refer only to the 
stationary cells of the connective tissue, to the connective-tissue 
corpuscles of Virchow; my remarks must not be taken to apply 
in any sense to the mobile ceUs discovered by i;. Recklinghausen, 

The connective tissue extends wherever the vessels extend,, 
and even beyond them. It gives an outer coat to the vessels, 
it serves to continue their walls into the interstices of the organic* 
structures, and inasmuch as all the vessels are interconnected, 
the vascular system together with the connective tissue consti- 
tutes an elaborate framework, in which the remaining morpho- 
logical elements of the body ai*e embedded. In a word, the 
connective tissue is so extensively distributed throughout the 
body, that it is impossible to make a cut at any point without 
damaging the connective tissue, without exposing it at numbcr- 
l^s points of the cut surface. 

§ 73. Let us now glance at the conditions regulating its 
growth. Observers are all but unanimous in holding that for 
the production of any quantity of connective tissue a pro- 
portional quantity of embryonic tissue is required. The latter 
consists of nucleated particles of naked protoplasm, forming 
in the aggregate a very soft and elastic substance, of a pale- 
grey hue. It is very readily generated wherever the need arises 
for an extension of the intermediate apparatus of nutrition ; 
and it is certain moreover that the required amount of em- 
bryonal connective tissue is produced by the intermediate appa- 
ratus of nutrition itself. This is one of its most ftmdamental 
properties and functions, and unquestionably plays the most 
important part in morbid growth. It is only the mode of its 
production which is still in urgent need of elucidation. I say 
^^still,'* inasmuch as the importance of the question for our 
general conception of morbid processes is so great, that it may 
justly be regarded as the comer-stone of all past and present. 
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systems of paiJiology. For the embryonal connective tissue, 
with whose genesis we are now concerned, is identical with the 
much-discussed embryonic tissue (Keimgewebe) of morbid 
growth, with the plastic exudation of the humoralists, with 
Virchow's " proliferation of connective-tissue corpuscles/' with the 
accumulation of emigrant leucocytes discovered by Cohnheim. 
When we come to discuss the theory of inflammation we shall 
have occasion to become acquainted with the data afforded by 
morbid histology in reference to tiiis question ; suffice it fer thue 
present to say that the possibility of the migration of colourless 
blood-corpusdes, and the production of plastic exudations by 
their accumulation and aggregation, has been placed on a sure 
footing; while, on the other hand, the &rther possibility of 
fission of the pre-existing stationary corpuscles is not excluded ; 
nay, must in certain cases be considered indispensable. 

§ 74. The subsequent metamorphoses of the young con- 
nective tissue, the formation of intercellular substances of different 
kinds, and the resulting constitution of the various members of 
the connective-tissue series, I must assume the reader to have 
learned from books on normal histology (see RoUetCs artide in 
Strieker* 8 EUmdbook, Syd. Soe. transL, vol. i.). We will do well 
to distinguish rigorously between such connective substances as 
•constitute independent organs, or parts of organs, between the 
formed or functionally active connective substances (cartilage, 
bone, tendon, ^.), and the formless, passive connective tissue, 
which serves only to fill up gaps, and which the older authors 
called '' cellular tissue." Henceforth I shall employ the term 
^^ connective tissue" to designate the latter variety only; it is to 
this variety alone that the statements made above concerning 
the ubiquity of connective tissue in the human body, concerning 
the affinity of its cells to those of the endotlieliuin, concerning 
its significance as a proximate constituent of the intermediate 
apparatus of nutrition, refer. I must not be understood to 
question the rdationship of this variety of connective tissue to 
the formed connective substances (geformte Bindesubstanzen) ; 
on the contraiy, it will appear in the sequel that a clear idea of 
their relationship is of peculiar moment for the right interpreta- 
tion of many morbid phenomena ; I only want, with reference 
to the growth of organs, to establish a timely distinction between 
those oigaiu which are made up of the connective substanoes. 



DEY£L0P1CBNT OF LYMPHATICS. 95 

and that apparatus which supplies the necessary pabulum for tJieir 
growth, as well as for that of the muscles, nerves, glands, &Ai. 
This "connective tissue" icar 'c^oxi/v, must detain us for yet a 
moment while we consider how its corpuscles originate from em- 
bryonic cells* The &rm assumed by these corpuscles depends 
essentially on local conditions, upon the space available for their 
evolution. The great majority become spindle-shaped, corres- 
ponding to the elongated interstices lefb for their reception be- 
tween the fibres of the connective tissue. Whenever the basis- 
substance allows them to expand freely in all directions (as in 
mucous tissue) they readily assume a stellate form, and anasto- 
mose witli one another by means of their processes. Should 
they lie in the narrow fissures between fibrous bundles and 
lamelke of larger size, they become flattened, forming epithelioid 
plates, or else they may continue, even in this flattened condition, 
to give off anastomosing processes, as in the cornea and tunica 
intima of Uie arteries. Tliereupon a portion of the protoplasm 
xery commonly stiffens into a homogeneous, colourless, liighly 
refiracting substance ; we get stellate figures, plates, and fibres, 
which must be carefully distinguished from the plates and fibres 
of the intercellular substance; the necessary criterion being 
readily afforded by their chemical properties, inasmuch as tliey 
do not, like the intercellular substance, swell up and disappear 
on the addition of acetic acid. It sometimes happens (%a- 
mentum peetinatum) that the entire cell, together with its nucleus, 
undergoes the metamorphosis in question. More commonly, 
however, the nucleus remains unaltered, together with a residual 
portion of granular protoplasm, occupying, as a rule, the centre 
of the stiffened ceU. This is how tiie stationary corpuscles of 
the connective tissue originate; and in this state they remain 
daring the whole life of the individual, unless they are roused to 
renewed activity by pathological irritation. 

§ 75. We come now to the lymphatics and lymphatic 
GLASD6* This is the third and last of the chief constituents of 
the intermediate aj^aratus of nutrition — the last in point of 
time, not in point of importance. It is only when the rate of 
embryonic development enters on a slower phase, after all the 
other organs have been mapped out, and even developed to some 
extent, that we can detect any lymphatics. Lymphatic glands 
are still later in making theur appearance. This is undoubtedly 
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connected with the function of tlie lymphatics, as drains for the 
removal of superfluous pabulum. So long as there is no super- 
fluity of pabulum, inasmuch as it is all used up in the construc- 
tive process ; so long as the outer coverings of the embryo are 
not too thick to check the free transudation of fluid, there can 
be no need of lymphatics. Contrariwise, we might predict that 
any obstacle to the escape of lymph must needs give rise to 
luxuriant growth of new tissue, to catarrhal and other secretions 
of all sorts from the aflected surface ; and this prediction would 
often be found to* come true in the domain of patholog)*. Heck- 
linghaiLsen^a beautiful researches into the lymphatics and the 
mode of their beginning in the tissues, have taught us that they 
are lined with precisely the same pavement of nucleated endo- 
tlielia as the blood-vessels. This is also true of those still 
finer juice-canals which, according to the same observer, con- 
stitute the first beginnings of the lymph-path in the connective 
tissue, and communicate by minute pores with the apparently 
caecal ends of the larger lymphatics. These canals generally 
present the form of flattened, stellate lacunae, and are indeed, 
for the most part identical with tliose fissm*es and stellate inter- 
stices in which the flattened cells of the connective tissue {Ran- 
vier) lie. As the lymphatics extend farther into the connective 
tissue, the minute communications with the juice-canak, alluded 
to above, become simply dilated {KdUiker) ; and this afibrds 
additional evidence of the homology between the connective- 
tissue corpuscles and the cells of the endotlielium. 

§ 76. The state of things as regards the glands is far harder 
to determine than as regaixls the lymphatic vessels. We are still 
in want of a thoroughly reliable account of their development. 
The older views otBreschet and Engel^ who traced their evolution 
from plexiform knots of lymphatic vessels, have been lately 
reproduced, and that too in a form Incomparably more plau- 
sible.* I feel obliged, however, to reject them. The specimens 
prepared by J. (}rth\ have led me to concur witli him in holding 

* Sertoli fotmd that lymphatic canals lined with epithelium were first 
produced, that the connective tissue round them next underwent proli- 
feration, and that corpuscular aggregates in this proliferated tissue were 
then developed into gland-follicles. 

t /. Orlh, " Lympfadrilsenentwickelung.*' Inaugural Dissertation. 
Bonn, 1870. 
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that the first radiment of a lymphatic gland is a collection of 
embryonic tissue, veiy highly vascularised, which forces its way 
between the fibres of the sturonnding connective tissue, thereby 
forming for itself a capsule. It is only after this has taken 
place that a clear sub-capsular space appears at its periphery, 
and interstitial fissures become visible in its interior ; the latter, 
by their connexions with the peripheric zone, partitioning the 
gland-substance proper into follicular cords and terminal nodules 
in the usual way. From a purely physiological point of view, 
the lymphatic gland presents itself as a local dilatation of the 
lymph-path, filled with a new and. peculiar kind of tissue — the 
'Mymphadenoid tissue." This is made up of lymph-corpuscles 
embedded in the well-known reticulum ; it is held to be the 
great breeding-ground for the colourless corpuscles of the 
blood ; and as it is generally agreed that the red corpuscles are 
evolved firom the colourless ones, and that tlie migratory cells of 
the connective tissue are colourless corpuscles which have escaped 
fix>m the vessels, the tissue of the lymphatic glands may bo 
regarded as the common source of all the mobile cells of the 
entire intermediate apparatus of nutrition. Unfortunately how- 
ever, this hypothesis, like many others on the genesis of tissues, 
still rests on an imcertain basis. We must admit that the lymph- 
corpusdes in the glands have hardly ever been seen to divide, 
the assumption reposing mainly on ^e old and readily demon- 
strable observation, that the lymph contains fewer corpuscles 
before its passage through the glands than after it. But may 
not this increase in the number of corpuscles be due to emigra- 
tion from the blood-vessels ? There seems to be no reason whv 
leucocytes should not escape firom the vessels in a lymphatic 
gland as well as in any other organ ; nay, the very fact that the 
IjTnph-corpuscles are most abundantly generated during the 
digestive hyperaemia of the alimentary apparatus, in which, as 
wc all know, the lymphatic glands take a conspicuous share, tells 
rather in favour of this theory than against it. For my own 
part however, I would rather not try, on such grounds as these, 
to overthrow the doctrine which has attained right of citizenship, 
and which is so very plausible a priarij that new cells originate 
in the lymphatic glands by fission of the lymph-corpuscles. I 
continue to regard the lymphatic glands as organs, which tho 
intermediate apparatus of nutrition may be said to construct for 

7 
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itself, witli a view to tlie renewal of its mobile cells ; and it does 
this by causing the dilatation of circumscribed capillary areas at 
various points, followed by the emigration of colourless blood-cor- 
puscles. The number of the emigrant cells subsequently increases 
by fission) and tliis increase continues to add to the bulk of the 
glandular parenchyma so long as efferent canals for the removal 
of the superfluous cells are lacking. At a later period a oertaia 
equilibrium is established between the production and the 
removal of the cells — an equilibrium which can only be disturbed 
by pathological irritants.* 

§ 77. The SPLEEN ranks with the lymphatic glands in its 
genetic history. The ^^ formation of lymphatic sheaths,^' as the 
local emigration of colourless corpuscles and their accumulation 
round the vessels is usually termed — a phenomenon which my 
own observations Have led me to adopt as the most probable 
mode of development of tlie Ijrmphatio glands — is carried a step 
farther in the case of the spleen. In this organ, as in the lymphatic 
glands, the vessels begin by surrounding themselves with Ijrm- 
phatic sheaths, which here receive the name of Malpighian 
corpuscles. The vascular walls then undergo perforation^ and 
split up into fibres. In tliis wise a delicate spongy tissue is formed, 
tlirough which the blood percolates, to be again collected on the 
opposite side of the filter by efferent veins, which permeate the 
spongy tissue in all directions. The function of the spleen is 
environed by the same doubts and conflicting opinions as that of 
the lymphatic glands, save that the splenic pulp is held to be at 



* I cannot refrain from calling the reader's attention to the valuable 
analogies presented by the development of the lymphatic glands (as 
described above) to the many formative disorders of the intermediate 
apparatus of nutrition (see next chapter). In the latter as in the former 
case, migration of cells, followed by their fission, underlies all formative 
activity. Emigration brings the cells into cojiiad wtih the tissues, and 
affords them a comparative measure of repose; and these conditions 
seem to determine first their amcsboid motility, and secondly tJieir fiasi- 
parous multiplication* I am convinced however, that fission rather than 
migration is the proximate and effective cause of inflammatory production 
and the growth of histioid tumours. To this is due the colossal size 
which these tumours may attain, such enormous increase depending on 
the inadequate development of the lymphatics, which are thus unable to 
provide, as they do in the case of the lymphatic glands, for the due 
removal of the excess of cells. 



DEVELOPMENT OF CABTILAGE. 99 

once the biiihplace of yonng leucocytes, and the grave of snch 
red corpuscles as are growing okL 

$ 78. So much for the genesis of the conjoint blood-rascular 
and connective-tissue system. We mark the distinction be* 
tween its stationary and its mobile cells. To the former class 
belong what used to be called connective-tissue corpuscles, 
the endothelia of the blood-vessels and lymphatics, the stellate 
and anastomosing cells of the lymph-sinus and the splenic pulp, 
and finally the epithelia which line the serous cavities, since 
these are (according to Secklinffhauaen) in direct communication 
with the lymphatic system. The mobile cells are represented by 
the blood-corpuscles, and of these the colourless ones are pecu- 
liarly prone to accompany the nutrient fluid in its passage 
through the walls of the minuter vessels ; after traversing which, 
some, as ^' migratory corpuscles of the connective tissue," place 
themselves at the disposal of the growing organs to be employed 
in the constructive process, while others make their way back 
mto &e Uood through the lymphatics. The stationary cor- 
puscles originate frcnn the mobile cells ; how the latter originate 
is still unknown. The cells in the parenchjrma of the lymphatic 
glands and the spleen have the best claim to be regarded as their 
normal source. Yet if we bear in mind how the lymphatic 
g^lands themselves originate, we shall probably have to admit, 
as a fundamental postulate, that all colourless corpuscles, when 
once they have escaped fiom the circulating current, begin 
to migrate and to undergo division. 

§ 79. Passing on to consider the growth of the remaining 
organs of the bady , we vnll devote our first attention to Cabtilagb 
and BoNX. Everybody knows that in sections of young cartilage 
the cells are (with hardly an exception) distributed through the 
matrix in groups, or at all events in pairs. The connexion of 
any two cells is evident firom their each having a convex and a 
plane surfiiee, the plane surfaces being (q)poaed to one another. 
One is involuntarily led to think that they form the two halves 
of a g^ular body. That the appearances are really due to 
fission is shown firom the occurrence of pairs of cells, which are 
atiU contained in a comm<m capsule. Add to this visible pro- 
liferatioQ of the cells, the intercalation of fimh intercellular sub- 
stance which separates the independent halves of the divided 
cell to the proper extent, and we have the wdl4aiown scheme^ 
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according to which the growth of cartilage proceeds. I do not 
wish to cast anj doubt u})on the importance of these observed 
phenomena ; but I must guard myself strenuously against being 
supposed to think that the growth of cartilage is provided for^ 
even in major part, by this internal multiplication of cells and 
intercellular substance. Cartilage grows mainly by peripheric 
apposition. The perichondrium furnishes embryonic cells, which 
proceed to surround themselves with a layer of hyaline inter- 
cellular substance, which becomes continuous with the matrix of 
the existing cartilage. The oftener this process is repeated, the 
more cells does the cartilage contain. Those cells which were 
originally peripheric are graduUy pushed towards the centre; 
and it is not till after this has occurred Uiat the second factor in 
the growth of the cartilage comes into operation, sc. the gradual 
enlargement and subsequent division of the individual cells as 
they advance towards the centre of the mass. During this cen- 
tripetal movement each element divides from one to three times» 
The division always occurs at the thickest part of the cell, in a 
plane at right angles to its long axis ; hence the highly charac- 
teristic forms of the daughter-cells and their progeny. Half 
and quarter spheres, cones, &c., retain their peculiar sliap» 
throughout life, owing to the density of the matrix; for the 
same reason the cells which result from fission are never far 
apart, so that in the cartilages of an old man of ninety we may still 
observe those appearances which, when we saw them in young 
cartilage, led us to attach so high an importance to the internal 
growth of the tissue ; in either case moreover we can determine 
with equal certainty whether the original cartilage-cell under- 
went fission once, twice, or three times, before assuming the 
final attitude of its repose. 

Quite independent of the phenomena of normal growth, 
is a peculiar metamorphosis of hyaline cartilage, which we 
find (apart from morbid states) wherever the cartilage ad- 
joins a growing bone. Whether the cartilage takes any active 
part in Uie development of bone, whether cartilage-cells, or even 
descendants of cartilage-ceDs, can be converted into marrow- 
cells or bone-corpuscles is still an open question. The metamor- 
phosis now under consideration must however be regarded 
as a passive participation of the cartilage, in so far as it re- 
places the unyielding hyaline substance by a soft material,. 
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which offers no resistance to the extension of tlie osseous trabe- 
cular and the ingrowth of the medullar j papilke. The cartilage- 
cells again proliferate; and their proliferation, owing to the 
simultaneous liquefaction and partial reabsorption of the inter- 
cellular substance, assumes very considerable proportions. Each 
cell gives rise to from eight to sixteen very large daughter- 
cells. These are separated only by very thin trabecnke of basis- 
substance, and form cylindrical columns, disposed at right angles 
to the surface of the growing bone. The. vascular papillas of 
the medulla penetrate into this soft, large-celled tissue as readily 
as though they were growing upon a free surface; they 
break down all partitions ; and it is only where the form and 
position of tlie medullary cavity happens to allow it, that one or 
other of the stouter trabeculae of the former matrix is retained 
as a sort of framework, on which layers of young bone-tissue 
are deposited. To conclude : here, as in sub-periosteal growth, 
the bone needs no antecedent condition for its development, 
beyond the presence of a vascularised embryonic connective 
tissue, which is everywhere produced upon its confines by the 
intermediate apparatus of nutrition, whether tliis bo represented 
by medullary tissue or by periosteum. I will say no more at 
present about the growth of bone ; ample opportunities for doing 
this will be afforded in the chapter on Diseases of the Osseous 
System. 

§ 80. As regai*ds the growth of the musculab orqa^^s, we 
know that the first muscular fibres, whether smooth or striated, 
originate everywhere from embryonic cells. Where smooth 
muscular fibre is needed, the cells are converted into the well- 
known spindle-shaped or ribbon-like structures, while their 
nuclei assume the form of elongated cylinders (staff-shaped * 
nuclei). In the case of striped muscle, the cells, according to 
KoUikery increase in length, their nuclei iindergoing repeated 
fission, until the proper length is reached. (According to other 
authors, each fibre results from the apposition of several cells.) 
The striped matter is then differentiated from tlie protoplasm, 
and becomes a cylinder whose diameter goes on increasing, 
while the nuclei are pushed to one side, where they combine with 
the residual protoplasm to form the muscle-corpuscles. 

The after-growth of striped musele consists, according to 
KoUikery of a simple increase in the length and thickness of the 
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existing fibres. Weissmann and Kuhne describe in addition a 
peculiar splitting of the primitive tabes in the direction of tiieir 
length. This phenomenon was studied bj Weiamiafm in the 
muscles of the frog, by KuJme in those of rats and mice. The 
latter observer describes a marked increase in the number of 
nuclei and the quantity of finely-granular protoplasm at the 
points where the nerves enter. Weissmann saw the nuclei 
arranged in a row, dividing the oontractile substance of the 
muscular fibre into two parallel bands. Kuhne came across two 
muscular fibres in a single tube of sarcolemma. All these are 
fiu$ts which give us some sort of idea, though not a distinct pic- 
ture, of the longitudinal sj^litting of the muscular fibre. Kot a 
word is dropped by either observer suggesting any after-produc- 
ti<m of embryonic cells, destined for the additive formation of 
new primitive tubes. In disease matters take a difierent course. 
He repair of divided muscles by muscular tissue is indeed still 
very doubtful ; beyond all doubt, however, is the regeneration 
of the muscular fibre in myositis typltosa, which we shall have to 
consider more fully hereafiber. But in this latter case the pheno- 
mena are so complicated that we are unable to affirm with cer- 
tainly that the regeneration is brought about exclusively by the 
mediation of embryonic cells. 

We can speak more confidently about such organs as are 
made up of unstriped muscle. During their growth the cells 
increase in number as well as in length and thickness. Single 
fibres with forked extremities have often been met with in the 
walls of the pregnant uterus.* Inasmuch, however, as no mul- 
tiplication of nuclei, no double nuclei, have ever been detected 
in these fibres, it remains verjr doubtful whether we are justified, 
on the above data, in assuming a fissiparous multiplication of 
the smooth muscular fibres. The doubtfiilness of this hypothesis 
is enhanced by a positive observation of Kolliker^s. He succeeded 
in tracing the origin and development, of the muscular fibre 
through all its stages in one and the same specimen. (0£ KoUikery 
^^ Qewebelehre," 4te Auflage, page 567.) The embzyonio cells, 
required are fiamisfaed by the intermediate apparatus of nutrition ^ 
and are probably leucocytes which have emigrated firom the 
vessels. 
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§ 81. As regards tho nervous system, it has been generally 
believed hitherto that the growth of nerve-fibres was everywhei*e 
dependent on the pre-formation of einbr}*onic cells. That tlio 
repair of divided nerves took place by the intercalation of em- 
bryonic tissue between the cnt ends seemed finally agreed npon ; 
indeed, it has not as yet been superseded by any fresh doctrine. 
On the other hand, a tendency has shown itself of late to refer 
the penetration of the nerve-ends into the growing parts of thu 
body, and their consequent elongation, to an apical growth 
(Spitzenwaclisthum) without any apposition of new elements. 
As regards the brain, Besser skilfully defends the position, that 
all the ganglion-cells of later growth exist pre-formed as so- 
called nenroglia-nuclei, in the very earliest stages of the develop- 
ment of this organ. 

§ 82. One important question yet remains to be answered. 
How do the epithelial stbuctuees grow and renew their losses ? 
Unfortunately, no precise answer to this query can at the present 
time be given. We are justified, however, in provisionally 
adopting the following conclusions. A clear line must in tho 
first place be drawn between those epithelia which grow aut^ 
vmrdM and those which grow inwoards. The former invest tho 
entire free snrfiice of the organism, the skin and mucous mem- 
branes, forming an uninterrupted whole ; the latter occupy cer- 
tain cavities dug out of the parenchyma of the body, and are 
known as gland-cells or glandular epithelia. Both systems ori- 
^nato in the same layer of the blastoderm ; throughout life they 
maintain this structural continuity, in such wise that the glandu- 
lar epithelium may be regarded as a direct prolongation and in- 
flexion of die surface-epithelium. Yet those who would com- 
prehend the alterations of the tissues in disease must lay especial 
stress upon the fact that the antithesis in the direction of their 
growth alluded to above, exists from the very first, and that 
upon it is based the essential difference between the two systems. 
For the gland originates by the development of cellular protru- 
sions from that side of the epithehal lamina of the blastoderm 
which is turned towards the conjoint blood-vascular and connec- 
tive-tissue system : these protrusions divide and subdivide as they 
increase in length, and finally become hollow to a certain depUi 
from the fi-ee surface. Their growtli is decidedly central, and 
takes place by fission of the existing epithelial cells, which goes 
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on repeating itself over and over again in the club-sbaped ends 
of tfao processes. The intermediate apparatus of nutrition takes 
no part whatever in the process ; nay, it is interesting to notice 
how it seems as it were to melt away before the advancing pro- 
trusions, contenting itself with the function of a mere stop*gap, 
the only function left open to it : it furnishes the interstitial con- 
nective tissue, the blood-vessels and the lymphatics, which, as we 
know, accommodate themselves humbly to the formal arrange- 
ment of the glandular tubuli, acini, &c. 

§ 83. Matters take a very different course in the skin and 
mucous membranes. Their growth is regulated not by the epithe- 
lium, but by the conjoint blood-vascular and connective- tissue 
system, whose morphological elements (papillse, membranes, &c.) 
determine the form of the surface, upon which the epithelium 
exists only as a tegumentary investment. This must be borne in 
mind when we find (in the course of the ensuing paragraphs) 
that the matrix of the surface-epithehum is situated, not in its 
own substance, but in the underlying connective tissue. 

The cells of every epithelial stratum of considerable thickness 
exhibit certain characteristic variations in form, which may be 
viewed broadly as differences due to age — as phases of develop- 
ment. The youngest elements, remarkable for their small size, 
their softness and want of cell-membrane, are most deeply placed ; 
« ^ «^ they lie on the upper limit of the con- 

nective tissue. As we proceed out- 
wards, the cells increase progressively 
in size, their membranous investment 
grows more .and more distinct, they 
The epitheliam of the urinary exhibit a more or less characteristic 
bladder in section. foj^^ ^heir form is connected partly 

with variations in their fimction (cylindrical epithelium) ; it is 
partly due to a conflict between the forces which tend to make 
the cell grow uniformly in all directions, and the limitations of 
space which permit its growth to take place in certain directions 
only. A pregnant illustration of the results of this conflict is 
afforded by a vertical section through the epitlielial lining of the 
urinary bladder (fig. 34). We can clearly distinguish three 
layers, each of which is made up of cells of a particular sort, 
differing characteristically irom the other two. In immediate 
contact with the connective tissue is a single layer of small 
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ronnd elements; next to this we find pyriform cells of 
somewhat larger size, whose rounded heads are directed out- 
wardsy while their pointed ends dip ddwn into the interstices 
between the round cells of the deepest liiyer. That these cells 
belonged originallj to the deepest layer, that they were raised 
into the second layer by the propulsive force of cells of later 
growth, while remaining attached to their place of origin for a 
time by their inferior ends, this is an assumption which flows 
most naturally, as I think, firom their pyriform shape. The cells 
of the third layer present, at first sight, the strangest peculiarities 
of form. They are flattened, and provided on their under surface 
with angular projections and shallow depressions which correspond 
to the heads of tlie cells of the second layer in much the same 
way as ihejuga cenbralia and impressumes digitatce of the tabula 
viirea correspond to the convolutions and sulci of the brain. 
These forms can only be explained by supposing that a cell, be- 
longing to the second layer, is set firee from its attachment to the 
connective tissue, that it protrudes towai'ds the free sur&ce, and 
that it is flattened and squeezed into the seams and irregularities 
of the second layer, by the centrifugal pressure of the urine 
which accumulates periodically in the bladder. 

We cannot account so satisfactorily for the morphological 
variety ezliibited by tlie constituent cells of every epithelium. 
Authors are unanimous, however, on one point, sc. that the 
epitlielial cells appear ever3r>vhere to originate immediately upon 
the connective tissue, to be subsequently extruded from their 
original seat by the pressure of new elements. This unanimity 
however refers only to the place j and in nowise to the mode of 
origin of the cells. To explain Uie latter — omitting for the pre- 
s^it to take generatio cequivoca into account at all* — two hypotheses 
lie open to us. We may either suppose the new epithelial cells 
to be produced by fission of the older ones, or to be extruded 
&om the underlying connective tissue. 

There seems to be no a priori reason why the cells should not 
originate in both ways. It must however be admitted that the 
epithelial cells have seldom been actually seen to divide. The 

* J» AmM {Virchow's Arcl^iv, Bd. 46) has published some views on the 
n^eneraiion of epitlielial rtructures, which amount to a sort of generatio 
(FpUvoea; they are worked out with an amount of genuine care and research 
wMch render them worthy of the utmost attention. 
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mutaitl flattening of aijacent cells often misleads the observer 
into the belief that he has before him the results of fisBiparons 
multiplication ; the even line of contact between two cells pre- 
senting a deceptive likences to a plane of division ; hence the 
most conscientious vigilance on his part is in this matter in- 
dispensable. On the other hand, it is probable for many 
reasons that the young epithelinm-celb spring &om the con- 
nective tissue. SurJchardt was tlie first to indicate the top- 
most layer of the connective tissue as the matrix of the epithelial 
cells. When he described (in the year 1859) the way in which 
he believed the yonng cells to emerge from the connective tissue, 
nnd to assume an npriglit attitude as the youngest of the epithe- 
lial cells, many of his readers had scruples about accepting his 
•"csults. Since that time, the migration of connoctive-tJssue cor- 
puscles has been directly observed by v. SeeMinghmum in tlie 
cornea ; and this obsei-vation gives colocr to the view that tbe 
renewal of the epithelial cells is operated by a migration of their 
youngest elements from the connective tissue. The facts of morbid 
histology, so far from being antagonistic to this view, fbrnish 
many illustrations well adapted to shed light on the migratory 
process, I will only refer the reader to the interesting obsen'a- 



TransverM sectioo throngh a dermal papilla sunonatled hj ^ider- 
mia. Migntorj corpuicles mnj bc^Meo berth in the oMiDective 
tiasne and between tbe epithelial nils. Kftst Pagatdteher. 

tions of Bifeiadechi and Pagmniecher ; in cates of sli^t and 
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superficial caianeons inflammation (eczema and vesication) tliey 
detected migrating cells in all the jomiger strata of epithelium, 
cells precisely similar to other amoeboid corpuscles visible in the 
papillary body (fig. 35). One fact, and one only, is bein<r 
continoally urged against this hypothesis — of the fact itselt* 
there can be no doabt — it is this : new epitheliam, as e.g, after 
partial denndation of any epithelial surface, originates by prefer- 
ence, perhaps even exclusively in connexion and inunediatc con- 
tiguity with pre-existing epithelium. It would seem, therefore, 
since fission of the older elements cannot be shown to occur, that 
we are driven to assume that an embryonic cell can only develo^ie 
into an ^ithelial cell when it is in contact with one of the latter 
kind. We must perforce adopt the theory of a sort of ^^ epithelial 
infection.^^ This liieory indeed would necessitate a twofold appli- 
cation ; for supposing such infection to occur when embryonal 
cells, odourless blood-corpuscles, &c., are brought in contact 
with a permanent epithelium, it must likewise occur when, con- 
versely, epithdial elements are brought in contact with a tissuo 
composed of embryonic cells. The latter process indeed may 
actually bo observed in the metastasis of cancer to lymphatic 
glands. 

$ 84. 'This brings us to the end of our general summary of 
Bormal growth. We have seen, that apart fixMn the first founda- 
tion of the various organs (fi*om whicK we learnt that any and 
every tissue might originate firom embryonic tissue), their actual 
growth dqwods but in small measure on fissiparous multiplica- 
tioB of their specific tissue-elemento. We found this mode of 
increase in the gland-cells, in the fibres of striped muscle; 
to some extent also in cartilage; and we had grounds for 
siapecting that it also occurred in nerve-fibres. On epithe- 
lial sor&oes there seemed to be need of an '^ epithelial infection/' 
or ai least of some sort of action of the older cells upon the 
immigrants. Everywhere else, the intermediate apparatus of 
nntrition, with itsfeculty of generating embryonic cells wherever 
required, sufficed of itself to maintain normal growth. It may 
be that it fulfils this fimction as a oorollaiy of those oUigation.s 
which aro incumbent upon k in its nutrient capacity, allowing 
a certain number of ooloarless corpuscles to accom)Mmy the usual 
si^ly of ioid pabulum into growing organs, these corpuscles 
serving forthwith as materials for the constrvctive jMrooess. 
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§ 85. Entering on the domain of morbid growth, we meet 
first of all with a scries of abnormal states, which may be de» 
fined simply as excesses of the normal growth of organs. These 
are either imiform enlargements, or partial protrusions or out- 
growths, identical in texture and composition with the organ 
from wliich they spring ; accordingly they only give rise to quanti- 
tative deviations from the normal standard of die affected parts. 
We indicate this fact in our nomenclature by the prepositions wrtp 
and eic, which common use allows us either to prefix to the name 
of the proliferating organ itself (Jiyperostosisy ecchondrosis)^ or 
to the word trophia ; the latter term denoting in addition that the 
products in question are due to nutritive conditions of a pecu- 
liarly favourable kind (hypertrophia). It is best however, not 
to prejudge their mode of origin in this way ; it is enough to 
express the simple fact by the words " hyperplana^ hyperplastic^'*^ 
The hyperplastic states {conditions of overgrowth) of the various 
organs will be described in the respective chapters of the special 
division of this treatise. The position which they occupy in the 
domain of morbid growtli is broadly but sufficiently indicated by 
what has just been said. 

§ 86. All new formations which are not of a hyperplastic 
nature, involve a qualitative departure from the normal stan- 
dard of development and growth. Hence it seems difficult at 
first sight to class them under physiological tjrpes. Our way is 
blocked, however, by obstacles of artificial origin, rather than by 
any which are inherent in the facts themselves ; among the most 
important being the traditional habit of regarding tlie morbid 
deviation as something foreign (mpov) to the organism, some- 
thing introduced into it firom without, of ascribing to it a para- 
sitic life — even a kind of personality. This view, from which 
the term " heteroplasia " is derived, is justified in some measure 
by the two following considerations : — 1. Those new growths 
which are due to the introduction of a definite poison into the 
body manifest themselves under similar forms in the most 
diverse organs (e.g. syphilis, tuberculosis, enteric fever). 2. 
The circumstance that each organ is the seat of election of 
certain special kinds of morbid growth, wliich always occur 
under the same form with but trifling modifications, so much 
so that when they have reached a certain point in their 
development, we are able to infer their character and future 
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destiny from their situation. It is wrong, however, and pre- 
judicial to the advance of real knowledge, when we allow the 
studj and description of those features which are common to new 
growths in different organs to blind us to the right of each indi- 
vidual organ to have a morbid growth viewed as a disturbance of 
its ovm proper development— of its nutrition or of its degeneration. 
I must not be understood to question the utility, nay, the neces- 
sity of generalisations on the subject of morbid growth ; but 
such generalisations ought rather to tend towards establishing 
the principles of development tlian towards the discovery of 
definite anatomical patterns on which any morbid growth — e.g. 
cancer — ^is constructed, in whatever organ it may occur. If I 
understand the times aright, men are weary of mere anatomical 
classifications based exclusively on outward characters. They 
will agree with me in thinking that the system has been brought 
into utter discredit by the inexhaustible variety of concrete forms. 
Henceforward therefore, while retaining the terms cancer, sar- 
coma, and so forth, and endeavouring to sketch in broad outlines 
the laws of their development and growth, without omitting to 
take their inSuence on tlie organism as a whole into account, 
we will always fall back upon the description of the individual 
forms in the Special Part of this work, and keep alive to the fact 
that a knowledge of these concrete forms is at least as important 
for the practitioner as a correct appreciation of those general 
features which they possess in common. 

§ 87. Haying done with this digression, let us resume the 
thread of our discourse, by seeking the cause of every deviation 
from the rule of normal growth — the cause of heteroplasia — in 
an over-activity of one or other of the two factors which co- 
operate in the growth of organs. Tlie intermediate apparatus of 
nutrition has the first ckim on our attention. Many products of 
morbid growth originate from this alone — e.g. interstitial inflam- 
mation, tumours made up of granulation-tissue, sarcomata. In 
a second series, the epithelium steps in to rival the conjoint blood- 
vascular and connective-tissue system, and we have many oppor- 
tunities of testing the accuracy of our views of epithelial growth 
in the caricatures of it (Zerrbildem) presented by the various 
forms of carcinoma. It cannot be denied that this division of 
labour is prefigured in the physiological relation of the two 
systems to one another (as summarised in § 84). J cannot 
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therefore be blamed for basing at least tlie main divisionfi of the 
subject upon it. 



3. Products of Mobbid Growth derived exclusively from 

THE ZnTERMEDIATE APPARATUS OF NUTRITION. 

1. Interstitial hiftoanmation.^ 

§ 88, When the organism is mechanically injured at any 
j)oint, or exposed to any other sufficiently active source of irrita- 
tion, the aggrieved part undergoes a series of changes, to tbe 
sum of which we apply the term " Inflammation." The name 
ilirects attention primarily to the important part played by the 
vascular system in the inflammatory process. Tlie capillaries 
become congested; the affected part grows red and hot It 
begins to swell ; the swelling is to be ascribed partly to the over- 
distension of the vessels, partly to tlie escape of various con- 
stituents of the blood into the tissues. The " inflammatoi^^ exuda- 
4ation" — ^the material which escapes from the vessels, and infil- 
trates the tissues — is the more enduring product of inflammation, 
and claims our chief attention, owing to its important connexion 
with the course and issues of the process. 

§ 89. The inflammatory exudation consists, apart from its 
fluid portion, of embryonic cells, which are characterised by the 
lively amoeboid movements they exhibit It was generally 
believed a few years ago that these cells were produced exclusively 
by proliferation of the connective-tissue corpuscles at the seat of 
inflammation. The dazzling picture, in which we thought we 
-could distinctly appreciate the course of cell-multiplication, 
-exhibited in the immediate vicinity of the inflammator}" exuda- 
tion, instead of the stellate corpuscles of connective tissue, first 
one, then two, then a progressively increasing number of round 
cells, arrayed in ranks, which grew longer in proportion as they 
approached the focus of inflammation, and finally mingled with 



* InierMM^ as contrasted with catarrhal and pareBchymatoos in- 
flammation, the former of which, to far as it concerns ns, is an inflam- 
mation of mnooos membraneB (see Bsrt II.), while the latter is identical 
with blondy swoUing (fee § 36). 
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one another. Bat now wo know that a great majority of thcso 
ecUs are coloarless corpuscles which have emigrated from the 
vessels. This is shown by an experiment of Coknfieim'a. TLo 
mesentery of a. living frog is stretched over a ring of oork, and 
subjected to direct inspection. We can see how the veins dilate ; 
how the colourless corpuscles first adhere to their inner surface, 
and then put forth processes which penetrate their walls ; how 
that portion of a process which has already escaped swells up, 
and forms a kind of bridge, along which the whole substance of 
the cell gradually creeps. Once through, the cells travel farther 
by the aid of their amoeboid contractility ; if a special point of 
the tiasoe is being irritated, that point becomes, in a general 
way, their goaL There they continue to accumulate ; the result 
of their accumulation being a certain quantity of that very 
embryonic tissue which serves as the starting-point of all iurther 
changes (fig. 36). 

Fio. 36. 



CoknhMm't experiment, a. Vein; 66. AdjominK connective 
tirane penneated by oolonrleia corpascles which iiava 
migreted* from the veeaeli e. Colomn of red corpDsclet. 

An older ob0ervat«Hi, which was first duly appreciated by 
BiHroth, bannonises admirably with the above view of the deve- 
lopment of plastic exudation or infiltration. It has been found 
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that the vessels of inflamed parts are surrounded by a layer of 
young round-cells ; and this holds good even of those vessels 
which extend far into tissues which have as yet undergone but 
trifling change. On the other hand, we can give a satisfactory 
explanation of the drawing, which represents " connective tissue 
undergoing proliferation," by assuming that it exhibits the 
colourless corpuscles "during migration," in which case they 
would naturally select the lines of least resistance, and therefore 
those interfibrillar channels which are normally occupied by 
the stationary corpuscles of the connective tissue. 

§ 90, The migration of the colourless corpuscles must not, how- 
ever, be regarded as the only source of the inflammatory products. 
On the contrary the question. Whence can the blood obtain such 
a multitude of colourless corpuscles ? leads to a series of consi- 
derations which tend to make us very chary of rejecting any 
possible sources from which these cells may be derived. On this 
ground we gladly welcome the beautiful researches of Strieker^ 
which prove, at least with regard to the cornea, that a few hours 
after it has been irritated with lunar caustic, at a period when 
the colourless corpuscles can be experimentally shown not to have 
penetrated as fsur as the seat of inflammation, the stationary' 
corneal corpuscles exliibit a series of changes which can only be 
interpreted as steps in a progressive metamorphosis. They 
retract their processes ; their nuclei undergo multiplication ; 
their protoplasm increases in bulk ; between the fifteenth and 
tlie tweniy-second hours they a3sume the appearance of mobile, 
multinudear masses of imposing size, which remind us vividly of 
the so-called " giant-cells " {see § 67). It is but a step to tlie 
assumption that these may give rise to amceboid cells by a seg- 
mentation of their protoplasm. 

The same author has directly observed the flssiparous multi- 
plication of the emigrant-cells at the seat of inflammation. 
Concentrating his attention on the cells which appeared to be at 
rest just outside the vessels, he noticed on their surface certain 
lines of shadow, which came and went and shifted their position 
for a time, until at length a shadow deeper than the rest became 
stationary in the middle of the cell. At this point the little body 
became contracted ; the contraction itself was more than once 
eflaced ; when it finally passed into a complete division, the two 
halves crept asunder in opposite directions. The denser the 
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acciimnlation of cells, tlic oflciier is this process of fission likely 
to be repeated, bat the greater also will be the difficalty of 
tracing it under the microscope. And this perhaps is the reason 
why it has hitherto been often assumed to take place, but never 
distinctly demonstrated. 

Oct knowledge with regard to the sonrco of the embryonic 
cells in inflammation ia obviously in a transition state. But if 
\re reflect that the doctrines advanced in the preceding section 
consUtate the groundwork of all the remaining histologioal 
effects dae to the " intermediate apparatus of nutrition," we 
shall perceive the immense importance to our scientific saper- 
stmcture of every forward step in this department of inquiry. 

§ 91. Continuing for a moment our consideration of the 
inflammatery exudation as a fait accompli, we must notice the 
remarkable influence exercised on the connective-tissue fibres by 
the cells to which they afford a refuge. Billroth has made some 
statements on this point which I think worthy of great attention. 
Tho fibres are not merely pushed asunder, but they undergo a 
certain degree of softening and fusion, so that instead of the 
toogh web of which the cutis, even in its most delicate portions, 
is made np {eg. in the prepuce), we find a delicate network 
which simiJateB the aspect of newly-developed intercellular sub- 
stance (fig. 37), for which indeed it has often been mistaken. 



Tissue of cutis rarefied bj inflftaimatorj iufiltratioa : after 

Passing to the further histelogical metamorphosis of tho 
plastic exudation, upon which, as already stated, the ultimate 
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issue of the inflammatory process depends, we find three leading 
tendencies; the first towards Besolution, the second towards 
Organisation, the third towards Suppuration. 

A. Resolittiotu 

§ 92. It is clear that if our therapeutic skill availed to remove 
the cells which have migrated into an inflamed organ, that organ 
would return to the state in which it was before the inflammation 
set in. I put aside the alterations in the connective-tissue fibres 
described in the preceding section, alterations which might of 
course disappear with equal ease. The possibility of inflamma- 
tion issuing in resolution, and the means of bringing about tliis 
issue, are questions therefore of the highest practical interest 
The first measui*e which would suggest itself a prioriy would be 
to help the cells to pursue the course they had already chosen, 
Le. to let them migrate farther. Warmth and moisture would 
therefore be advantageous fi'om this point of view. Elevation 
of temperature is known moreover to accelerate the movements 
of amoeboid colls. When the inflammatory e^tudation is mode- 
rate in amount, and the irritant cause has ceased to operate, we 
may hope, by local elevation of temperature, to distribute the 
cells which have already migrated over a wider area, and to 
guide them gradually into the lymphatics. 

The resolution of an inflammatory infiltration may also take 
place by fatty degeneration of its cellular elements. Wo have 
akeady seen how fatly degeneration converts cells of all kinds 
into a milky emulsion, to the rcabsorption of which there is 
naturallj' no obstacle. A condition which appears to favour the 
commencement of fatty degeneration is the presence of fluid in 
abundance at the seat of inflammation. Busch has made the 
interesting observation that under the influence of cutaneous 
erysipelas some large sarcomatous growths underwent atrophy, 
and I had the opportunity of convincing myself in a similar case 
that the cells of the sarcoma succumbed to fatty degeneration. 
External warmth is well adapted for maintaining an enduring; 
hyperaemia of this sort Notwithstanding this twofold indica- 
tion, great caution is requisite in deciding on the exact moment 
at which to substitute warm for cold applications to an inflamed 
part The object of applying cold is to bring about an artificial 
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contraction of the vessels, and so to check the progress of the 
exudation, to hinder the further migration of the colourless cor- 
puscles. It is not till we have followed out this indication to the 
utmost, that we ought to resort to the application of warmth. 
Warmth is a two-edged weapon. What guarantee have we that 
instead of a dissolution of the exuded matters, which is of course 
our first object, there may not occur a greater concentration of 
amoeboid cells at the heated point, i,e» suppuration and the 
formation of an abscess ? Within certain limits, warmth acts as 
a resolving agent ; beyond these, it stimulates the inflammatory, 
process ; in the former case it promotes the farther migration of 
the already exuded white blood-corpuscles, in the latter it helps 
to renew the migratory process, and adds to its intensity. 

Note. — ^A therapeutic turn has been given to this section, to show 
the stndent how immediately the results of morbid histology may be 
brought to bear upon practice. 

B. Organisation. 

§ 93. Granting that the inflammatory exudation does not 
tend to resolution, the first alternative is its retention as a perma- 
nent constituent of the oro^anic framework of the body. This 
retention is operated by the timely development of blood- 
vessels, and the conversion of the embryonic tissue into fibrillar 
connective tissue. The interstitial inflammations of internal 
viscera, which we shall hereafter meet with in the liver and 
kidneys, afibrd examples of this direct organisation on the largest 
scale. None of diese examples can however be regarded as 
typical for the histological details of tlie process, because of pecu- 
liarities of local origin. The honour of serving as a type belongs 
exclusively to the process of repair in wounds, and primarily 
indeed to those which heal by first intention. 

To illustrate the universal distribution of connective tissue 
throughout the body, I stated above, that no incision could be 
made without implicating connective tissue, without the presence 
of connective tissue on tlie cut surface. The truth of tikh pro- 
position may be inferred from the consideration, among other 
processes, of the perfectly typical course of * those phen<xnena 
which manifi^t themselves in the reunion of completely divided 
parts. These phenomena fall bodily under the head of inflam- 



116 ORGANISATION OF 

mation, and are exliibitcd in precisely the same manner by tho 
conjoint vascular and connective-tissue system, whether the 
wounded organ be the skin, or a muscle, or perchance the liver. 
There certainly exists a mode of reunion which takes place 
with such extraordinary rapidity by tho mere apposition of the 
cut surfaces, that no exuded material is required to complete it* 
The occurrence of this immediate union (^Macartney) is confirmed 
by Tliitrach in Pitha and BillrotKs Manual of Surgery. It 
must therefore take precedence of union by first intention. Li 
.the latter mode, a substance is usually present which glues the 
edges of the wound together. It appears a very few hours after 
the injury, and proves, both at first sight and on more careful 
investigation, to be the connective tissue of the cut surface, infil- 
trated with blood-corpuscles and serum, and swollen by imbibi- 
tion of the latter flfid. The next stage of the process consists 
in the migration of colourless corpuscles from the dilated vessels 
in the immediate neighbourhood. They permeate the whole of 
tlie cementing medium and the adjacent connective tissue, so 
that the divided parts are at length united by a continuous layer 
of embryonic tissue. The next step is the re-establishment of 
the circulation, which has been violently interrupted. This takes 
place as a general rule by the method of "secondary vascu- 
larisation" (^ 71), starting from those capillaries which are still 
pervious. Thiersch has recently furnished us with the details of 
the process. Should his interpretation of them be confirmed, 
they will materially extend our ideas respecting tlie development 
of new vessels in general. Thiersch found tho cut ends of the 
vessels, a few hours after the injury, plugged by a corpuscular 
proliferation, and somewhat dilated, but seldom occupied by a 
blood-clot Injecting the vessels at this stage with a warm solution 
of gelatin, and hardening the preparation in alcohol, he found r 
1. Sticking to the surface of the club-shaped plug of gelatin, 
endothelial cells, some detached and isolated, others imder- 
going proliferation. 2. A peculiar configuration of the surface- 
of the plug. This exhibited a number of thoniy, seemingly 
broken-off spicula, which perforated the wall of the vessel, and 
proved on closer examination to be tho radicles of a very beau- 
tiftil system of intercellular canals, filled with gelatin. Thiersch 
sees in this system of canals a provisional nutrient apparatus, » 
preliminary vascularisation, and proceeds on this view to explain 
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a feet which is certainly very enigmatical, viz. tliat even parts 
which have been completely separated from the parent organism 
may reunite with it, provided they are stitched on early enough. 
For us, the interest of his discovery lies first in the proof which 
it affords that the elements forming the walls of those vessels 
from which new capillaries are about to sprout have their cohesion 
relaxed in a definite way ; and secondly, in the fact that his views 
corroborate the histological significance of the blood-vessels as 
"intercellular," not 'intracellular" canals. 

The last act in the process of repair by first intention, is the 
transformation of that portion of embryonic tissue which is not 
employed in the construction of vessels, into fibrous connective 
tissue. The cells first grow spindle-shaped, just as they 
do in the normal course of development ; but, owing to their 
immense number, and the close way in which they aro 
packed, tliis metamorphosis into spindle-cells gives rise to an 
entirely new variety of tissue — ^the spindle-cell tissue. This term 
denotes a texture wholly made up of parallel rows of spindle- 
shaped cells, which are held together by the dovetailing of their 
pointed ends. The spindle-cell tissue forms as a rule cylin- 
drical or slightly flattened bundles, which interlace like the 
bundles of connective tissue. The only question is whether tho 
protoplasmic substance of the spindle-cells undergoes direct 
transformation into gelatin-yielding fibres, or whether we are 
to assume with Hollett that the fibres are coined out of the 
intercellular substance. My own observations lead me to con- 
xilude that when cicatricial tissue is formed from spindle-cell 
tissue, the greater part of the body of the cell is immediately 
converted into the substance of the fibre. After a certain time, 
although the nature of the tissue is still recognisable in fine 
sections, it becomes impossible to isolate its component spindle- 
cells by teasing with needles ; it tends rather to break up into 
stiff, fibrous fragments of irregular outline; and these, as is 
proved by their contained nuclei, are made up of cells which 
have become fused together. This phenomenon can only be 
explained on my view of the process. The fibrous bands of the 
cicatricial tissue are not merely the direct successors, in a 
general sense, but the only successors, of tho fasciculi of the 
spindle-cell tissue. As contrasted with the normal development 
of areolar connective tissue, the entire process gives us the im- 
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pression of a reckless expenditure of capital, wliere a judicious 
employment of the interest would have yielded far better results. 
I say emphatically, better results, for the cicatricial tissue is far 
from being a connective tissue of ideally lugh quality. On the 
contrary, its fibres are stiff, inelastic, and misshapen ; its cells 
are represented by shrunken staff-shaped nuclei, and its vital 
capacity is proportionately reduced. Moreover, the cicatricial 
tissue exhibits an extreme proneness to contract in all its dimen- 
sions. This phenomenon, which is, on the whole, a very mis- 
chievous one, is termed induration, sclerosis, or contraction ; its 
occurrence is. anticipated with such certainty, that upon it is 
founded the operation for entropion, by which an inverted eyelid 
is turned outwards. It need hardly be said, that this general 
diminution in bulk is a physical ratlier than a%dtal phenomenon; 
the removal of water has a great deal to do widi it ; for the 
white, glistening tissue of a cicatrix is dry, compact, and harder 
to cut than any other variety of connective tissue. 

C. Suppuration. 

§ 94. Pus is a fluid tissue; Numberless cells, the so-called 
pus-corpuscles, are suspended in a colourless serum to which 
they impart a greyish-white or yellowish-grey tint ; tiie liquor 
puns holds albumen, mucin, pyin, and salts in solution. The 

Fig. 38. 
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Pus-corpuBcles. a. From a healthily-granulating wound; h. 
From an abscess in the areolar tissue ; c. The same treated 
with dilate acetic acid ; d. From a sinus in bbne (necroBis) ; 
A. Migratory pus-corpascles. 

cells are small and spherical, partly impregnated, partly sprinkled 
witli fine granules which, as a rule, conceal the nucleus from 
view. On the addition of acetic acid the granules disappear. 
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and the nuclear structures start into clear relief. Tliere is 
iisnallj more than one nucleus; often three or four. In the 
latter case, the nuclei are small, not always strictly circular, and 
exhibit a peculiar lustre which suggests the homogeneity of their 
structure (fig. 38). These cells were at one time considered to 
be of specific nature, and were hence termed pus-corpuscles. 
This was an error ; for we meet with similar cells in the blood, 
where a certain number of the colourless corpuscles are multi- 
nuclear ; and with regard to these, Virchow declares that they 
are incapable of taking any farther part in the development of 
the blood. More recently it has been shown that saturation of 
the blood with carbon dioxide causes all the uninuclear colour- 
less cells to become multinudear and then to imdergo disin 
tegration. The presence of several nuclei has not the same 
significance here, as that division of the nucleus which precedes 
the fissiparous multiplication of cells ; it seems rather to point 
to a breaking-up of the cell, preliminary to its total dissolution. 
Moreover, it is a mistake to suppose that pus contains only cells 
of this kind. Creamy pus indeed (pus bonum et laudabUe), such 
as is poured out on surfaces cloth^ with healthy granulations, 
contains a lai*ge majority of uninuclear cells, which I should not 
be able to distinguish from the migratory corpuscles of connec- 
tive tiame. Sanious pus, on the other hand, such as is yielded 
by carious bone, contains, as a rule, cell-derivatives, oil-globules, 
albuminous molecules, &c., rather than pus-cells. In fact, 
we find a series of transitional forms between the uninuclear 
and the multinnclear elements of pus, just as in the case of 
white blood-corpuscles ; the latter, incapable of further develop- 
ment, undergoing disintegration by fatty and granular meta- 
morphosia. According then as the pus is fresh or stale, 
according as it has been rapidly or slowly produced, or has 
undergone a slower or more rapid decomposition, do we find, in 
it uninuclear or multinudear cells or even cell-ddbris. 

§ 95. When we hear it asserted that pus may be produced 
in various ways, when we find pus-formation in connective 
tissue, such as we have just now been considering, contrasted 
with pus-formation on mucous and serous surfaces, or in coagu- 
lated blood, &a, we must, in the present state of our know- 
ledge, accept such contrasts with a grain of salt. The great 
bulk of pus is everywhere formed by the migration of colourless 
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corpuscles from the vessels. We must bear in mind however 
the following points of divergence : first, the path taken by 
the migrating cells tends in the one case towards a free 
surface, in the other, towards a point situated in the paren- 
chyma of the connective tissue ; secondly, that in the develop- 
ment of pus on mucous and serous membranes, the share 
taken in its production by the epithelium must not be left out 
of account. As regards the formation of pus in connective 
tissue, i.e. the suppuration of an inflammatory exudation, with 
which alone we are now concerned, we must keep in mind tlie 
same reservations and restrictions which we were obliged ^to 
establish in connexion with the process of plastic exudation 
itself. It is by no means proved that all pus-corpuscles are 
derived from the vessels ; for on the one hand a formative irrita- 
tion of the stationaiy corpuscles of connective tissue has been 
shown to take place, and their break-up into migratory cells 
rendered highly probable ; while on the other hand, multiplica- 
tion of the exuded cells by division has been directly observed. 
Finally, we may look on suppuration as in reality the most 
direct continuation of the earliest phenomena of inflammation. 
Its essential feature is a tendency towards over-production^ 
towards exuberance of growth, whereby colossal numbers of 
yoimg cells are generated in a relatively brief period of time. 
The proximate cause of the suppuration of an inflammatory 
exudation, or, in ordinaiy phrase, of the passage of inflammation 
into suppuration, is often to be sought in the excessive afflux of 
pabulum to the inflamed part ; hence the antiphlogistic method 
of treatment endeavours in the first place to moderate or diminish 
this afflux. In other cases again, we find the cause in tho 
quality of the imtant ; thus chemical agents, and particularly 
septic ferments, lead to suppurative inflammations. Conversely, 
we might anticipate that in individuals whose nutrient fluids 
had undergone septic infection (septicaemia), every' inflammation 
would tend to assume a suppurative character. Finally, there 
is such a thing as individual predisposition, i.e. there are 
persons in whom the most gentle initants excite suppurative 
inflammations. But this is by tho way. We must return to 
the consideration of the anatomical course of the suppurative 
process. 

§ 96. The next phase is the formation of an abscess. Tho 
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cells which were originally distributed with tolerable uni* 
formity through the inflained parenchyma, foi%ake their seat of 
origin, and make their way from all sides towards a central 
point, which subsequently becomes the purulent deposit (abscessusy 
apostema). This migration is due partly to the spontaneous 
motilily of the cells, partly to a more or less vigorous transuda- 
tion from the vessels, which assists their transit and determines 
its direction towards a common centre. After this convergent 
current has been flowing for a time, the centre in question 
exhibits a nodular induration. In its interior the vessels are 
compressed, the parenchyma grows pale, the nutrition of the 
part ceases with the arrest of the blood-supply ; softening and 
fatty degeneration set in ; in the transuded fluid the fibres of the 
connective tissue melt away, and the cells are freed from their 
connexions. Fluctuation is now perceptible to the finger ; the 
purulent deposit is formed, or, in surgical phrase, the abscess is 
ripe. 

Having thus traced the development of an abscess, itseems hardly 
necessary to define it as an interstitial cavity in the body containing 
pus, were it not that purulent accumulations may arise in other 
ways as well ; these indeed are jiot termed abscesses, but they 
are equivalent to abscesses in a histological point of view ; I 
allude to purulent effusions into closed cavities, such as serous 
sacs, joints, mucous bursae, and sheaths of tendons. This 
extended application of the term corresponds to very wide limits 
of variation in point of size and form, but it finds its justifica- 
tion in the identity of their subsequent course. 

§ 97. By far the most frequent termination of an abscess is 
its rupture, the evacuation of die pus externally. The same 
forces which brought the pus together continue to push it for- 
ward in the direction of least resistance. The elastic reaction of 
parts which enclose the pus, and which it has displaced, operates 
in the same way ; and as tlie pus (thanks to the very extensive 
distribution of the connective tissue) is everywhere in contact 
with a tissue susceptible of being itself converted into pus, the 
pre-eminent frequency of this termination is quite intelligible. 
The pus then forces its way in the direction of least resistance ; 
this direction is in the last resort always outwards, the final 
result being perforation of the cutis, or of a mucous membrane. 
The matter once evacuated, the cavity of the abscess becomes a 
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free pns-secreting surface ; it falls under the categoiy of ulcers, 
which we shall presently have occasion to consider. 

§ 98. But the pus is not always discharged externally. Nay, 
it may be made capable of reabsorption, at any stage of its accu- 
mulation, by fatty degeneration of its corpuscles, and so be ab- 
sorbed. Moreover, some recent observations make it likely that 
this capacity for being reabsorbed belongs even to abscesses of 
old standing which have become cheesy, and whose sisse has con- 
tinued the same for long periods of time. The cheesy matter 
enters the blood-vessels and lymphatics in a minutely particulate 
form, and may then (as we shall see hereafter) give rise to 
miliary tuberculosis. 

D. Organisation after Suppuration, 

§ 99. The sum of all tliat has already been said concerning 
the nature of pus shows clearly enough, I believe, that this pro- 
duct is acmiething alien, something which has become foreign to 
the organism, and against which it is not guarded by aproteofciDg 
coat of epithelium as it is against the outer world generally. 
From the moment, therefore, that the abscess is constituted an 
such, the organism tends to restore its own internal unity and 
completeness (Insichgeschlossensein) which are disturbed by the 
pi^esence of the abscess. To this end however the simpler means 
of organisation referred to above, sc, the production of vessels 
and connective tissue are not of themselves adequate. A new 
skin and cuticle have to be formed ; and tliis brings us to that 
most interesting variety of morphological evolution which is 
usually termed repair by second intention* The term is primarily 
applied to the healing of wotmds, when we have £uled to restore 
the solution of continuity by precise apposition of the divided 
parts, when suppuration has compelled us to remove our sutures 
and strapping, or when the loss of substance is so great that the 
due approximation of the cut edges is impossible, and the paren- 
chyma is left unprotected, exposed to the action of the atmo- 
sphere, &c. Here too, however, the denotation of the term 
transcends its definition. Exactly the same phenomena recur 
when the organism has to be shut off from an abscess, or any- 
thing analogous to an abscess (§ 96) ; when a portion of the 
body has been converted by necrosis, burning, or corrosion into 
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a foreign body, only to bo got rid of by sappuration. To thi» 
group too beioDg/the process of repair in ulcers; in a word, 
repair by second intention is synonymous with organisation after 
suppuration. 

§ 100. We have to do with a free surface yielding pus. 
From countless points of tliis surface young cells are forcing 
dieir way ; these are accompanied by a fluid mainly transuded 
from tlie blood, and very rich in dissolved albuminous matters. 
Sooner or later the frontier*line of the secreting surface exhibits 
changes diametrically opposite to those which occurred when 
the plastic exudation melted into pus. The cells close up their 
ranks. A layer of embryonic connective tissue is formed^ 
which intervenes between the parenchyma of the organism on 
the one hand, and the pus on the other. Any pus-corpuscle& 
which may be secreted after the completion of this membrane 
most make their way through the layer of embryonal connec- 
tive tissue ; this waxes thicker, and rises into small globular 
protuberances, the so-called "fleshy warts,'* or "granula- 
tions." These granulations are the physical basis of all Airther 
evolution ; they produce both skin and cuticle, but before all^ 
new vessels. 

§ 101. Vcucularisatianj here as elsewhere, is the most powerful 
agent in organisation. The reason why the massing together of 
cells in large numbers is associated with increased frailty of the 
individual elements, lies, in the great difficulty with which an 
abundant collection of cells, e.g, the pus-corpuscles which unite 
to form an abscess, can be supplied with nourishment, if indeed 
their nourishment is possible at all. Should the collection be a 
large one, the elements nearest its periphery will continue to get 
what pabulum they require from the adjoining nutrient fluid, 
and to rid themselves of their excrementitious products. Tlie 
fiiriber we advance inwards the greater do the obstacles in tlio 
way of this interchange become ; the excreta accumulate ; the 
pabulum has no access to the parts. Tlie only way in whidi 
these disastrous results may be avoided is by vascularisation, ue. 
the formation of canals, through which the products of tiie 
organs of sanguification may be carried into the midst of the 
temtoiy requiring nourishment, and the excrementitious matters 
from the interior of tlie same territory may be removed. In 
this way even aggregates of embryonic tissue of considerable 
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.size may persist for some length of time, and maintain their 
connexion with the organism. 

§ 102. As regards vascalarisation, in the course of repair by 
second intention more particularly, the distribution of the em- 
bryonic tissue upon a level surface affords favourable opportu- 
nities for the access of pabulum. Nevertheless, an abundant 
development of new vessels sets in here at a very early period to 
promote this object The histological details of the process are 
the same as in the secondary mode of vascularisation ; along 
certain lines running tlu*ough the parenchyma which is to be 
vascularised a closer aggregation of the cells becomes apparent ; 
a cord or row of cells becomes visible, pointing out the form 
and direction of the future blood-path. But how is a cylinder 
of cells converted into a tube ? How is the new vessel opened 
up ? These questions can only be answered by a reference to the 
discoveries of Thiersch^ alluded to under the head of repair by 
the first intention. Since the pervious parent-vessels, on which 
both limbs of the newly-formed loops rest, are also shrouded in 
a dense mass of cells, the most enigmatical part of the entire 
process is withdrawn from direct observation. We know that at 
a certain time the blood makes its appearance in the axis of the 
cellular cord, that the cells of which the latter consists are 
pushed asunder by the stream, and proceed forthwith to form 
the wall of the new vessel. I presume that the cells of which 
the wall of the parent-vessel is made up are everywhere 
loosened by the inflammatory irritation, thus ceasing to offer any 
special hindrance to the tunnelling of a channel for the blood. 
Some such hypothesis is indispensable for the due appreciation of 
the farther progress of vascularisation, during which the newly- 
formed vessels, which are still wholly made up of cells, give rise 
in their turn to new vascular loops. The development of capil- 
laries from within keeps pace with the formation of layer upon 
layer of new embryonic tissue upon the surface. The capillary 
loops, with their long parallel limbs, struggle vertically upwards 
into the granulations ; they reach nearly as far as the suppurat- 
ing surface, their points of curvature being somewhat dilated 
(fig. 39). 

§ 103. This brings us to the point at which the formative 
process is most luxuriant Supposing progress in this direction 
to be unrestrained, it may lead to another morbid deviation, ac 
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to the formation of the so-called " proud flesh " {caro luxurians)^ 
whereof more anon. As a rule however, a fartlier change now 
occurs which is suited to check any excess of production on the 
affected surface, and to pave the way for cicatrisation. Tlie em- 
bryonic connective tissue undergoes conversion into cicatricial 
tissue. The change begins in the deepest layers of the granula- 
tions, and exhibits the same phases and transitions with which we 
were made acquainted in repair by the first intention. The first 
step is the formation of spindle-cell tissue. 

The plane in which the spindle-cells are stratified determines 
the direction in which the earliest fibrillar become visible. Next, 
the formation of cicatricial tissue and its contraction succeed 
each other, as described in § 93. The phenomenon is the same ; 
but the results are more complicated than in repair by the first 
intention. For as it begins (as already said) in the deepest layers 
of the pyogenic membrane, the base on which the granulations 
are situated is the first part to undergo contraction. The raw 
surface shrinks ; and it is the vessels which are primarily affected 
by this shrinking, inasmuch as they penetrate vertically through 
the cicatrising base. They are compressed, their calibre is 
diminished; nay, they imdergo complete obliteration here and 
there. In proportion as this takes place the granulations lose in 
volume, they contain less juice, and the pus-formation grows 
feebler and more slow. Thus, by a really astonishing consilience 
of the various formative forces, the way is paved for the last 
step ; and this consists in the secretion of an epithelial covering, 
the skinning over of the granulating surface. 

§ 104. True that the cuticular investment usually spreads 
firom the edges of the granulating surface towards its centre. To 
this rule however there are exceptions ; small patches of cuticle 
have often been noticed at some distance from the edge, patches 
which gradually increased in size and finally blended with the 
marginal skin. Even were there any difficulty in determining 
this facft with the unaided eye, all doubts would be removed by 
carefully examining a vertical section through the edge of a 
granulating surface in process of repair (fig. 39) ; this shows 
conclusively that the raw surface gets its cuticle not by an inde- 
pendent ingrowth of the epithelium from the edges over the 
granulating surface, but by the conversion of the outermost layer 
of the granulation-tissue into epithelium. At e (fig. 39) the 
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separation of the epithelium from tlie connective tissae is com- 
plete, at/ the boundary-line is blurred, Suteven atffwe are still 
able, by the closer arrangement of the outermost cells to recog- 
nise the future epitlielium, although no differentiation of the 



Vertical section through the edge of n grantilatiDg enrface in 
process of repair, a. Secretion of pus ; t. Granulation tia* 
sue (embryonic tissue) with capillary loops irhoso walls 
consist of a layer of cells longitudinally disposed; their 
thickness decreases as ire approach the surface ; f . Cioatri- 
sation beginning at the baso (spindlc-cell tissue) ; i^ Cica- 
tricial tissue; (i. Fally-formcd cuticle — its middle layer 
consiBting of grooved cells ; /. Young epithelial cells ; g. 
Zone of differentiation, ^s- 

dements, as regard* their size, the character of tbeirnudei, &c., 
has yet set in. We come next to the suppurating snrfiice ; it 
would seem as though the first foundatiooB of ihs epitbdinm 
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were laid by pns-corpascles which had not been set free. If wo 
look for something analogous to this mode of epithelial develop- 
ment, we can only compare it to the primordial separation of the 
blastodermic tissue into epithelial and non-epithelial strata, and 
so regard it as a true embryonic diiFerentiation. The adjoining 
normal epithelium obviously cannot be deemed inert in the 
matter ; it must be considered to exert some sort of ^^ epithelial 
in£Bction '' (§ 83). Indeed some such hypothesis is necessary to 
explain the greater frequency (according to Heine and BUlroth the 
invariable occurrence) of cuticular cicatrisation from the margins. 
The newly-formed epithelium always remains thin and dry. It 
has never been hitherto observed to develope regular glands or 
hairs ; on the other hand, I am able to state from personal know- 
ledge that in some cases of epithelioma in scars, the peg-shaped 
protrusions of epithelium characteristic of this form of tumour 
start from the thin cuticle of the cicatrix. 

§ 105. These are the outlines of formative inflammation, 
when this runs its entire course in the intermediate apparatus of 
nutrition, and is combated by its means alone. Various modifi- 
cations of great interest an^ importance are determined by the 
peculiar structure of the individual organs, and must therefore 
be reserved for consideration in the Special Part of this work. 
In this place I wiU only allude once more to that singular devia- 
tion from the normal course of repair by second intention which 
consists in the growth of the so-catled ^^ proud flesh. '^ 

The caro luaurians may be defined as an overgrowth of the 
granulations. Instead of little warty prominences, which ought 
not to exceed a line in height or in breadth, we have frmgous 
masses cropping up, characterised by being three or four times 
larger than ordinary granulations, partially dendritic in form, 
highly vascular, and possessing a certain power of resisting 
external inflnences. These frmgous granulations are distin- 
guished histologically by a peculiarly high degree of differentia- 
tion of the embryonic tissue. In the first place, we have a more 
elaborate stroma throughout, a stroma resembling that of the 
lymphatic follicles. It is formed partly by the interstitial 
cement of the connective tissue, which fills up the lacunar net- 
work between the spheroidal cells : this stiffens into fine cylin- 
drical threads : partly by a certain number of the cells them- 
selves. These assume a stellate form, and constitute the nodal 
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points of the stroma at tolerably uniform intervals. Tins stroma 
can only be demonstrated by earofully pencilling, out a fine 
section of granulation-tissue hardened in alcoliol. 

This arrangement constitutes of itself a structure of a higher 
order, comparable in some degree to the connective-tissue stroma 
of the intestinal mucous membrane ; and the analogy is carried 
farther by the occurrence of certain spheroidal bodies which I 
must pronounce to b© newly-developed lymphatic follicles (fig. 
40). These lie in the midst of the parenchyma, equidistant on 
every side from the greater vessels. We can readily convince 
oorselves, by examining very fine sections which have been 



LiTmpbatic follicle from & fungoua granulation (Caries fuDgosa). 
For explanation sm text. y^. 

pencilled out, that these round nodules consist mainly of a very 
delicate reticulum in which minute lymph-corpuscles are em- 
bedded. The lymph-corpuscles are more firmly attached to the 
reticulum towards the periphery of the nodules than in their 
centre ; so that we usually have a border-zone, which it is difficult 
to clear up. Beyond this we find a zone, traversed by stellate 
corpuscles of considerable size ; so that if we could only prove 
that these structures were in communication with the lymphatic 
vessels, the evidence in favour of their being true lymphatic 
follicles would be complete. I may remind the reader that this 
communication still remains to bo proved in the case of the 
tonsillar follicles as well. 

§ 106. Ner\'e-fibre8 are not an integral constituent of 
granulations ; yet surgeons are tamiliar with so-called " irritable 
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granulations/' and I have succeeded in discovering an abundant 
supply of nen'e-fibres in an exquisite example of these sent to me 
by Professor BUlrotJu 



2. Kon-Intlammatoby Ovekgrowth of the CONNECnVB 

Tissue. 

§ 107. I have already (§ 85) relegated the hyperplastic 
conditions of individual organs to the corresponding chapters of 
the Special Part of this work, inasmuch as from a histological 
point of view they do not furnish materials for any generalisa- 
tion save only that they are quantitative excesses of normal 
growtL Now the interstitial connective tissue forms an excep- 
tion to this rule, because it is only a constituent of the various 
organs, and not itself an organ, and because its increase by way 
of overgrowth must therefore necessarily entail a qualitative 
change in structure. Strictly speaking, a large proportion of 
the processes included in the domain of interstitial inflammation 
may also be viewed as consisting in an overgrowth (hyperplasia) 
of the interstitial connective tissue. This applies especially to 
inflammatory infiltration and the conversion of the infiltrated 
products into connective tissue. In point of fact the non- 
inflammatory diflers from the inflammatory form of overgrowth 
only by its slower rate of progress, if we set aside for a moment 
all thought of its causation. A hyperaemic dilatation of the 
vessels constitutes in every case the starting-point of the morbid 
process. This is associated with an emigration of colourless 
blood-corpuscles, which gives rise to an increase in bulk, a 
tliickening of the connective tissue. Especially noteworthy 
is the extent to which the sheaths of the vessels are in- 
filtrated; they often attain from three to five times their 
normal thickness. The transformation of the infiltrated cells 
into fibrillar connective tissue is a work of time, and seems in 
many cases (kidneys, pia mater) not to occur at all. Mean- 
while the close analogy between this process and inflammation 
is self-evident, so that we cannot quarrel with authors ,and 
practitioners for continuing to call it " chronic inflammation." 
Wherever a definite source of irritation, e.ff. a persistent or 
often renewed, though feeble mechanical irritant is the cause of 

9 
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the disturbance, I too am ready to call it ^^ chronic inflamma- 
tion"; but where this is not the case, where, e.g, the phenomena 
in question are due to passive congestion, it would be utterly 
wrong to go on speaking of an inflammation instead of a simple 
hypertrophy .or orergrowth. 



3. Specific Inflammations. 
(^Granulomata and hympliomaUju) 

§ 108. As the present chapter will introduce us for the first 
time to the hackneyed word '^tumour," it is needful that we 
should give some brief account of its denotation and signifi- 
cance* As practitioners we incline to call any new growth a 
^^ tumour " in proportion as it lacks the known characters of the 
inflammatory process. Thus : — 1. The less evidence there is of 
its having been caused by an inflammatory irritant, the mor? 
does the new growth exhibit a character of ^^spontaneity." 
Here of course, as everywhere else in nature, no such thing as 
real ^^spontaneity" is possible. But we are still so far fix>m 
having any clear insight into the etiology of tumours, that it is 
really a matter of choice whether we follow those who regard 
the tumour as tlie localisation of an antecedent dyscrasia 
(^^ Geschwulstkrankheit "), or those who consider the local mis- 
chief to be in every case the starting-point of the general 
disease. BUlrothy in his Manual of General Surgical Pathology, 
has taken the former view; while Vtrchowy* in his book on 
Tumours, adopts the latter. With amazing care, Virchaw 



* Virehow (Krankh. Geschwiilste, vol. i. p. 121) divides tmnonrs 
resnlting from proliferation of tissue (as opposed to cysts, i[C,), into : 

1. Hittioid; made up of some one tissue normally present in the 
body (Sarcoma). 

2. Organoid ; made up of several tissues characteristically arranged 
to form an organoid structure; e.g. connective tissue and epithelium in 
the gkndular cancers. 

3. Teratoid; made up of several organoid elements, corresponding, 
however imperfectly, to im entire system in the healthy organism 
(Dermoid of ovary). 

4. Oompownd or mixed; made up of various dissimilar parts or 
tissues, not conforming to any plan of normal straetare (CyBtosar- 
comata, Aa). — ^Tr. 
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endeavours io prove the existence of at least a local predisposi- 
tion iu each single case ; and although he has not succeeded in 
driving the argaments of humoral pathology wholly out of the 
£eldy he compels us to admit that some tumours at least 
originate in a local irritation. As examples we may take 
epithelioma of the lower lip, due to the persistent irritation of 
a tobacco-pipe held between the teeth; so also a number of 
sarcomata caused by pressure; enchondromata of the bones 
starting from the seat of fractures, &c. Again— 

2. The less decidedly the remaining cardinal signs of inflam- 
mation, such as pain, redness, rise of temperature, are associated 
with the growth, the more nearly does it approadi the nature of 
a tumour. The practitioner's attention is roused and he is led 
at once to suspect some inflammatory complication, when a 
tumour causes pain, or when an active hyperaemia with rise of 
-temperature accompanies its development. 

3. The less a new formation contains within itself the condi- 
tions requisite for perfect recovery, the less does it participate in 
the nature of inflammation. Spontaneous cure is a very distinc- 
tive peculiarity of inflammatory processes. Our conception of a 
tumour implies that it should continue to grow if left to itself; 
and even should its size remain stationary, Uiat it should at all 
events exhibit a certain degree of permanence. This proposition 
may be formulated in conjunction with (1) in some such terms as 
these : inflammations do not originate spontaneously, though they 
get well of themselves ; tumours arise spontaneously, but are not 
susceptible of spontaneous cure. I am well aware that such a 
formula as this is very far from being axiomatic Pedunculated 
tumours are often spontaneously detached ; nay even the spon- 
taneous expulsion of entire nodules of cancer has been known to 
•occur. 

If we inquire into the natural gi'oimds of this distinction, 
almost instinctively applied by the practitioner, we find them 
in the circumstances of histological development. Inflamma- 
tory products are generated at the seat of irritation mainly by 
the accumulation of the mobile cells of the conjoint vascular 
and connective-tissue system; this accounts for the rapidity 
with which they appear, and for hardly a trace of their presence 
being left when they disappear ; the development of tumours is 
more nearly in accordance with the laws of normal growth; 
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hence their permanence and quasi-organic character. Bearing 
in mind that an increased afflux of blood plays a chief part in 
the phenomena of inflammation^ we might designate inflamma- 
tions as disturbances of nutrition, tumours as disturbances of 
growth. Nevertheless, the opposition is one not pf contra- 
dictories, but of contraries only, which are connected by several 
series of intermediate members. One series conducts from in- 
flammation through the intermediate phases of inflammatory- 
overgrowth and simple overgrowth to those more complex forms 
of overgrowth which we call cancers. Another leads from 
simple inflammation through specific inflammation to those more 
perfect imitations of normal tissue, which we call sarcomata, 
enchondromata, myxomata, &c.,and which, taken together, form 
the histioid group. The former series is chiefly exemplified in 
the disorders of the skin, mucous membranes, and glands ; the 
latter will be dealt with at once. 

§ 109. The specific inflammations differ from ordinary 
inflammation in that they furnish cither instead of, or together 
with the plastic exudation, certain products which exhibit special 
anatomical peculiarities. These are typical for each individual 
form, and may be referred broadly to the special quality of the 
inflammatory irritant. This irritant is in every case a specific 
virusj which may be introduced into the organism either by 
hereditary transmission or by contagion, or primarily developed 
in the'organism itself. 

§ 110. Syphilis. Constitutional syphilis maintains a ten- 
dency in the body to every morbid change that comes under 
the head of active hypera^mia, inflammation, and inflammatorj* 
growth. In the earliest stages of the disease it is the more 
superficial organs, the skin and mucous membranes, which are 
chiefly affected; in the later stages the deeper parts become 
involved as well ; we shall come across examples of syphilitic 
inflammation when we come to treat of the morbid anatomy of 
the osseous and nervous systems, of the liver, and tlie testicle. 
These inflammations are all distinguished by certain peculiarities 
in their localisation, tlieir distribution, and their course. One 
product however merits our especial notice; it seldom occurs 
alone, but is usually associated with the simpler forms. I refer 
to the syphilitic gumma (syphiloma, Waffner). The gumma 
may be termed a specific product of syphilis ; its specific ana- 



tomica] character residing not in any marked deviation of the 
gummatoua tissue from tho familiar types of inflammatoiy 



Sjpbilitic disease of the livir. a, Lefl lobe; b. Right lobe; 
ee. Fibroid sheath which traverses the ot^an from the V. 
porta to the liRaraentam snspensorium and contains 
gummata. |. 

growth, but r&tlier in tlie circumscription of a iiioro or less 
spheroidal nodule in tlie midst of a larger deposit of newty- 
formed embryonic tissue, a nodule which differs from the em- 
bryonic tissues mund it iu the farther course of its metamor- 
phoses. For while the latter undergo conversion into fibroid 
tissue, forming a cicatrix characterised by a teddencj- to extreme 
contraction (§ 93), the former, retaining the circular form of its 
cells, and occasionally producing an anastomotic network of 
corpuscles, undergoes a mucoid transformation of lis intercellu- 
lar substance. The main stress liowever must not be laid on 
the pnxluctiun of mucous tissue, inasmuch as this is clearly a 
mere phase in a slow degenerative change. The cells grow 
fatty ; their place is taken by round or stellate aggregations of 
fat-granules, which ap])ear to be capable of lasting as such for 
long jteriods of time. The final result is a yellowish-white 
rounded nodule of a soft and elastic consistency, embedded in a 
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deposit of newly-formed connective tissue ; this is the specific 
tumour of syphilis, the "tophos" or ''gnmmR syphiliticum." 
l!he complete absorption of recent gummata may be effected by 
suitable medication. At a lat«r period, the nodule becomes 
cheesy and the sorronnding connective tissne is converted into 
a tough, fibroid cicatrix, which may occtBion the most extreme 
distortions of the affected organ by its subseqaent contoaction 
(fig. 41). 

Whetlier we are justified in calling the induration of the 
primary chancre gnmmatous I will not take upon me to saj-. 
The appearances presented (fig. i2) are those of an infiltration 
of the connective tissue with small cells, an infiltration distin- 
guished not so much hy the number of the infiltrated cells a» 
by the &ct that these cells arc very uniformly packed into all 
the interstices between the vessels on the one hand, and the fibres 
of the connective tissue on the other. Tliis causes an elastic 



Bocioted b; a uniform infiltration with smaU cells. ^. 

tension, giving tlie finger a sense of hardness, while the vessels 
remain pervious and the nutrition of the parts is not interfered 
with. This invariable arrest of the cellular infiltration at a 
certain stage has undoubtedly something peculiar about it, and 
reminds us of gnmmatous tissue ; bat whether simUar indura- 
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tions maj not aL»o occnr apart from syphilis cannot be decided 
until we know more about the minute structure of inflammatory 
indurations in general than we do now. 

KoiE. — Bie$iadechi refers the indaration to a certain stiffness and 
dzyness of the fihrons elements of the connectiye tissue ; earlier authors 
sooght it in the qnalitj of the exudation (Bdeord^s plastic lymph* 
Michaelis* exudation flakes — ExtidaUchollen), 

§ 111. The syphilitic deposit may also be taken as a type of 
the lesions caused by lepbosy and glanders. In these disorders 
specific tumours are also formed^ side by side with simple inflam- 
matory products ; the specific tumours continue for long periods 
in the lowest stage of tissue-development, without undergoing 
any change; they finally suppurate and burst, or else they 
undergo fatty degeneration and are absorbed. (For details, see 
chapter on the Morbid Anatomy of the Skin.) 

§ 112. Typhus* The typhous process is found to dififer from 
simple acute inflammation by the higher degree of development 
to which the individual cells of ihe infiltration attain— a degree 
which brings them nearer to the "epithelial" type. The 
acme of the typhous changes (with the details of which we shall 
become acquainted when we investigate the morbid anatomy of 
the mucous membranes) is known as medidlary in/iltratioru* If 
the infiltrated matters are examined, they are found to contain 
cells difiering bom simple lymph-corpuscles in containing a 
greater proportionate amount of protoplasm. The protoplasm 
of the lymph-corpuscle is barely equal to its nucleus in bulk ; 
while in the cells we are now considering, it occupies at least as 
much, on an average rather more space than the nucleus. The 
typhous cell represents the lowest stage as it were, the first rudi- 
ment of epithelial development ; it would seem however that this 
augmentation of the protoplasm lacks the vigour and permanence 
of true epithelial development, inasmuch as the typhous cells 
maintain Uiemselves at this acme but for a short time, and tlien 
succumb rapidly to degenerative changes. 



* These obserrations refer clearly to enteric fever {Ileotyphus, typhus 
dbdcn/Undlis). I have purposely retained the author's own term, not 
wishing to define strictly what he has, perhaps not unintentionally, left 
rather vague. (Of. § 376).— Ta. 
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Note. — From a strictlj histological point of view the leukhsemic 
tumour is veiy nearly allied to the typhous product; the former however 
cannot be classed among the products of morbid growth without farther 
evidence. {See Chapter I. of Special Part.) 



§ 113. Tubercle. A third type of specific inflammation is 
exemplified by tubercle. I have already pointed out, when 
speaking of fatty metamorphosis, tliat the morbid anatomy of 
the present day does not recognise as tubercle and tuberculi- 
sation, what these terms were generally undei'stood to denote 
little more than ten years ago; viz. every yellowish-white, 
friable or greasy, in a word, caseous mass, wherever met with. 
We restrict the term tubercle kot ^l^oxqv to a definite nodule, 
very hard, grey and translucent when first formed, seldom ex- 
ceeding a millet-seed in size, but aggregated together in great, 
nay countless numbers. The confiision, both of names and 
ideas, excited by the rigid distinction first pomted out by Rein^ 
hardy but carried through by VircJiowj is not diminished by the 
circumstance that cheesy inflammation and miliary tuberculosis 
are very often actually associated with one anotlier. Discoveries 
of extreme interest have very lately been made on tliis subject 
A series of investigations, started by Villemainy carried on by 
Klebs and others, and in some sense concluded by CoJmheim, 
have shown that the introduction of " cheesy debris " into the 
nutrient juices is followed by " miliary tuberculosis." It matters 
not wheUier the cheesy matter be introduced by inoculation, or 
originate in the organism itself. On tliis view, the minutest 
particles of cheesy dSms must be regarded as endowed with 
the properties of a virus, capable of causing the growth of 
tubercle by irritating certain (we shall presently see what) 
elements of tissue. So much is certain, tliat tuberculosis is 
the expression of a dyscrasia, of a morbid state of the liquids 
of the organism, which often spreads through the body Srom. 
a single point, but which may perhaps in some cases be con- 
genital. 

There is hardly an organ in the body in which tubercle is 

tOt occasionally met with ; but its seats of election are the lungs 

and intestines. The extensive lesions of an ulcerative character, 

caused by the growth and especially by the degeneration of the 

tubercles, will be fully described in the Special Part of this 
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work. I mmt confine myself at present to what is really the 
same in all cases, ic the minute structure of the grey miliary 
nodnle, and what we know about ita genesis. 

§ 114. If we teaze out a miliary tubercle with cataract- 
needles, we readily soccced in isolating the following elements : 

Fig. 43. 




Elements shoira by teazmg out a miliary tubercle. 1. The 
larf^ tubercle-cells ; 2. The small tubercle-cella ; 3. Endo- 
genous cell-development; 4. Delicate reticulum from the 
interior of a miliaiy tubercle ; the cells partlj rrnnoved by 
pencilling; 5. Shreds torn from the Bdrentitia of a sm^ 
cerebral vessel in the neighbourhood of a miliary tubercle. 
Fission of the nnclet on the inner surface of the adventitia;- 
finely -granular protoplasm accumulated in a continuous 
layer of considerable thickness ; 6. Development of tubercle- 
cells ; 7. The border of a minute vessel, showing the deve- 
lopment of tnbercle-cells in its adventitia. 

1. (Fig. 43) — Largo coils, either round, or more often 
roundly-polygonal, consisting mainly of a finely-granular, highly 
refi^icting, seemingly very dense material. The sharp outline, 
i.e. the smooth surface by which the cell is bounded, leads na to 
assume the existence of a ceU-membrane, although thia cannot 
be demonstrated by the appropriate methods (addition of watM*. 
cruBbing, detection of a double contour, &e.). Moat of them 
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contain a single round nucleus, not of great relative size, Tcr\' 
lustrous, usually eccentric in position, though seldom causing 
any lateral protuberance on the surface of the cell. In some of 
the o^ls, we find two, three, or more such nuclei, which undoubt- 
edly originate by fission of the original solitary nucleus ; for we 
also meet with the intermediate stages of the process in the 
form of elongated, biscuit- (hourglass-) shaped, and even more 
deeply constricted nuclei. This fission of llie nucleus is to be 
regarded as preparatory to an endogenous production of small 
cells, utterly unlike those just described ; the latter process indeed 
is not always carried through ; so that even in the oldest tuber- 
cles, we may occasionally meet widi multinuclear giant-cells 
(^Langlums), 

2. (Fig. 43) — Represents the second form of corpuscular 
elements, such as may be isolated in greatest number by teazing 
out a miliary tubercle. They have nothing in common with 
those just described save their lustrous, dark-bordered nuclei. In 
all other points they difier from them, and chiefly in their size, 
which is far smaller, and which enables them during their endo- 
genous development to exist three and more together in one of 
the parent-cells ; they differ moreover by the transparent, homo- 
geneous, and feebly-refracting character of their protoplasm ; 
the exact opposite of these properties being especially character- 
istic of the larger cells. It is the last-named of these dis- 
tinctions which enables us to recognise the young cell in the 
interior of its parent The appearance of bright areolae round 
tlie nuclei of the latter coincides with the beginnings of endo- 
genous production ; we may regard the latter as complete when 
the bright area is marked off by a sharp line from the sur- 
rounding finely-granular and highly-refractive substance of 
the parent-cell. This phenomenon is illustrated in fig. 43, 
3, representing appearances which are very commonly ob- 
sen-ed. 

These cells compose the main bulk of the miliar}'- tubercle. 
What remains after their removal by pencilling and repeated 
washing, is the finely fibrous network represented in fig 43, 4, 
to which we shall have to refer hereafler. 

§ 115. Let us now pass on. to dedde the second question, 
that concerning the mode of origin and development of tlie 
mfliary tubercles. We may expect a priori to find that this 
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morbid prodoct, like so many others, originates in the conjoint 
Taaeolar and connective-tissue system. Nomerous observations- 
have shown, hovrever, that no oonnective tissue in the oiganism 
is so well adapted f<»r the growth of tuberdes, as that which 
constitutes the adventitia of the capillary arteries and arterioles- 
(Uebergangsgefasse). If e.g. we examine a tuberculous pia 
mater, we may readily convince ourselves that the grey nodules- 
follow by preference the finer ramifications of the arteries. On 
the larger trunks they adhere, either singly or in little groups, 
forming one-sided protuberances ; on the finer branches, and 
those vessels which just exceed the ci^illaries in calibre, they 
present themselves as spindle-shaped varicosities involving tlio 
whole circumforence of the vessel (fig. 44). The larger ones 
exhibit a whitish opacity, beginning oi their centre and extending 
towards the periphery. This opacity is the visible sign of a fiitty- 
granular metamorphosis, of a cheesy transformation, which con- 
stitutes the normal mode of degeneration to which the grey 
granulation is liable. We assume that it begins in the oldest, 
the first-formed and most central cells ; so that the chronological 
order of the changes which the miliary tubercle undergoes, 
manifests itself by the formation of concentric zones, the outer- 
most of whidi consist of the tubercle-cells themselves, while 
the inner ones are made up of the products of iheir cheesy 
metamorphosis. Granting the truth of this assumption, it follows 
ex eontrario that we must look for the development of the tuber- 
cular elements at the periphery of the nodules. 

Fig. 44. 




Miliary tubercles on a vessel from the brain. 

In the adventitia of the minuter cerebral vessels, a number 
of very pale, flat, circular nuclei, furnished with nudeoli, are 
disposed at regular intervals. These may be demonstrated as 
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readily in detached shreds of the membrane, as in those vessels 
Avliich are still intact In the latter case, they appear as staff- 
shaped structures, embedded between the external contour of the 
vessel and its muscular layer. These nuclei are not naked ; they 
are surrounded by a small quantity of a finely*granular sab- 
stance, which is chiefly heaped up in the direction of the long 
axis of the vessel. A second contour, which suiTouuds the nuclei 
at a variable distance,* may be rendered visible, according to 
His J by the silvering process ; this would give the membrane 
the significance of a lymphatic endothelial tube, though all 
attempts to arrive at some reliable knowledge concerning its 
relations to the lymphatic system have hitherto failed. This 
membrane is the starting-point of the morbid growth, and that 
too in its capacity as a lymphatic endothelium. The first stage 
of the process consists in a marked augmentation of the residual 
])rotoplasm which surrounds the nuclei. A fissiparous multipli- 
cation of the nuclei coincides with it in point of time (fig. 43, 5). 
The nuclei recede from one another ; and while some of them 
may midergo repeated fission, others enter upon a pecaliar 
change. They assume more of a globular shape in place of their 
former flattened, discoidal aspect ; as a result of this, they become 
smaller in size ; whereas they were pale and finely granular, they 
now assume a homogeneous lustre ; in a word they put on the 
appearance which has already been referred to as characteristic 
of the nuclei of the tubercle-cells ; at the same time, alterations 
set in immediately around the nucleus. The protoplasm begins 
to refract light more liiglily ; its density increases, so tliat the 
nucleus looks as if it were surrounded by a spherical envelope of 
ground glass ; the sphere is bounded by a line, indistinct at 
first, but which subsequently becomes sliarper and more definite ; 
this limits the entire structure, and completes the tubercle-cell in 
all essential respects. Fig. 43, 6, represents shreds of the adven- 
titia torn from the growing border of a small tubercle ; in the 
layer of condensed protoplasm we see on the one liand complete 
elements with others in process of development, and on the 
other, cavities which correspond to those elements in form and 
size ; the cells having dropped out during the mounting of the 
8))ooimon. Fig. 43, 7, shows the edge of a small vessel in 
whose adventitia several tubercle-cells and nii<^lei are em- 
bedded. 
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Tliese cells are at first so sparingly produced that wide bridges 
of' protoplasm intervene between them ; this also may be seen in 
fig. 43, 6. As they grow more plentiful, the bridges waste 
away, the newly developed elements touch each other, and are 
flattened to some extent by mutual contact. The quantity of 
residual protoplasm is very trifling. What there is goes to fill 
that system of inter-oommunicating lacunae which is necessarily 
left between a number of spherical structures when in apposition ; 
it forms a delicate network in whose meshes the tubercle-cells 
are embedded. Such a network is shown in fig. 43, 4, the 
cells having been partially removed by pencilling. It consists of 
fine round threads, which widen out here and there to form small 
three-cornered expansions. This always denotes that the con- 
tact between two adjoining cells has been imperfect, so that a 
wider film of protoplasm has been left; between them. Even 
nuclei may still bo met with in some of the nodal points of the 
reticulum. The entire structure therefore is in some respects 
like the finer trabecular networks in the interior of lymphatic 
glands ; and on this ground alone I was formerly led to institute 
a comparison between the tissue of tubercle and that of the 
lymphatic glands ; and, in common with other anatomists 
( Vtrchow)j to regard tubercle as being actually a lymphoid or 
lymphomatous morbid growth. What mainly confirme<l me in 
this view however was the similarify between tubercle and 
the formation of perivascular lymphatic sheaths; the latter 
process being, in my opinion, the fundamental element in the 
production of the substance of the lymphatic glands. Mean- 
while, however, it was found that the growth of miliary tubercles 
was inseparably connected, not indeed witli the presence of a 
blood-vessel as such, but only with that of an endothelium. 
Specific irritation of the endothelia of the lymphatics, the serous 
membranes, and the blood-vessels {ScAuppet) is the essential 
factor in the production of the miliary nodule ; and it is only 
because the lymphatics run by preference in the immediate 
neighbourhood, in the adventitia of the blood-vessels, that 
miliary tubercles also exhibit a preference for that locality. (For 
the development of tubercles on the serous membranes and in 
the lungs, see special chapters on the morbid anatomy of those 
organs.) 
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4. HisTioiD Tumours. 



§ 116. On the capacity of the intermediate apparatus of 
nutrition for generating embryonic tissue at nearly any point in 
the body, are also based those higher products of tissue-genesis 
which we term ^^ growths " in the strictest sense of the word, or 
more correctly hiBtioid tumours. These are characterised by the 
internal continuity of their constituent elements. The majority 
■are made up of only a single tissue ; should they be composed 
however, of more tissues tiian one, the component tissues are 
never isolated, never marked off, as epithelium is marked off firom 
•connective tissue, but are in organic continuity with one another. 
The explanation of this internal continuity is to be sought in the 
original unity (Gleichartigkeit) of the material of which the 
tumour is built up, this material being in eveiy case embryonic 
tissue. From this, by a subsequent process of differentiation, 
are developed tissues of a higher type, more particularly the 
•connective substances— connective tissue proper, with those of 
its varieties which occur in inflammatory products (Fibroma 
and Sarcoma), cartilage (Chondroma), bone tissue (Osteoma), 
adipose tissue (Lipoma), mucous tissue (Myxoma) ; the higher 
anomalous tissuef«, such as the muscular (Myoma) and the 
nervous (true Neuroma) are more rarely produced. Their mode 
of origin however is precisely the same as in foetal development ; 
ue, a certain number of embiyonic cells are converted into the 
specific elements of cartilage, bone, fiit, or muscular tissue, 
while the remainder go to form connective tissue ; moreover, an 
adequate vascularisation partitions out the resulting structures 
into territories of nutrition, thus incorporating them with the 
organism as a whole. This ensures the interdependence of the 
tissues among themselves, as well as their connexion with the 
organism ; the morbid product taking its place as an organ, 
though a malf(»ined and unnecessary ona Growths of colossal 
size are often produced without in any way affecting the integrity 
of the body ; such growths only requiring removal by the knife 
to reestablish the statue quo ante. 

§ 117. This last statement requires some qualification. Un- 
fortunately there exist, even among histioid tumours, a certain 
number to which we are compelled to ascribe a ^^ malignant" 
character (Malignitas). 
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We call a tamonr ^^ malignant/' not merely because it en- 
dangers the life of its host, but because it threatens his life in 
one particular way, by exciting a definite constitutional malady 
which is incompatible with the due continuance of the general 
nutrition of the organism. The symptoms of this general 
malady {CacJieana) are: prostration of strength, diminution in 
the amount of blood, watery blood, emaciation, earthy tint of 
skin, profuse sweatii^, diaiihoBa, iLnxorrhages, Ac, to which 
the patient finally succumbs. 

All attempts to detect the cause of this general disease by 
chemical or microscopical inyestigation have hitherto proved un- 
successAil. How the malignant tumour gives rise to the cachexia 
is still unsettled. Those who regard the tumour as primarily a 
local disease are very naturally interested in identifying the 
marasmus in question (which is always secondary) with the 
constitutional tumour-dyscrasia (Geschwulstkrankheit) of the 
humoral pathologists, and in deriving both equally from the in- 
fecting action of the malignant growth. This view has especial 
claims upon our favour ; for one thing at least remains bevond 
all question, viz. that a stimulus is propagated from the pri^y 
growth which excites the development of similar deposits else- 
where, and which gradually extends its influence over the entire 
organism. In this extension of the formative stimulus, the so- 
caUed ^^constitutional infection," we recognise three distinct 
stages. 

§ 118. During the first stage its operation is confined to the 
immediate neighbourhood of the primary tumour. It determines 
the continued production of new foci at the periphery of the 
central growth, with which they subsequently coalesce. Malignant 
tumours therefore invariably extend by peripheric infiltration 
(§ 69, 3). We are obliged to assume that the impulse to morbid 
growth precedes the growth iteelf by a certain interval of time. 
This we learn from what is known as the tendency of malignant 
tumours to recur after extirpation. Suppose we remove the 
entire tumour, together with its zone of peripheric infiltration, 
with a view to arrest the mischief. The incision appeared after 
the operation to have been wholly within the limits of the healthy 
tissue ; nowhere could we detect even a trace of pathological 
proliferation. Nevertheless, in the majority of cases we find, 
to our dismay, that a fresh tumour, similar in character to the 
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one removed, recurs at the seat of operation, from the veiy 
tissues which seemed at the time so entirely healthy. Unless 
therefore we adopt the theory of a dyscrasia, we are driven to 
assume that the tissues, even when already affected by the forma- 
tive stimulus, afford no visible signs of this till after a certain 
time has elapsed. 

§ 119. The second stage is characterised by the implication 
of those lymphatic glands which receive the lymph from tlie 
region primarily affected. There can be no doubt that some 
material stimulus is conveyed by the lymphatics. But what is 
it? We might think of cells. We know that even coarser 
particles, e,g. insoluble pigments, rubbed into the abraded cutis 
in tattooing, are taken up by the lymphatics, and carried to the 
nearest lymphatic glands, where iliey are deposited. But may 
we conscientiously resort to this analogy ? After recent injuries 
the lymphatics gape, and arc well able to take up material 
particles. Are we justified even in suspecting the existence of 
some such condition of the lymphatics in the neighbourhood of a 
tumour? The pigment-granules are either heavy, sharp, or 
hard particles, which, in consequence of any one of these 
qualities, and aided by friction of the tattooed surface, are able 
to penetrate in any direction through the soft parenchyma of the 
body as far as the lymph-canals. We cannot say the same of 
cells. This analogy therefore must be put aside ; but its rejec- 
tion does not necessarily involve the rejection of the hypothesis 
that the lymphatic glands are infected by the transport of cells. 
On the contrary, thanks to the discovery that young cells arc 
enabled by their amoeboid contractility to penetrate through the 
connective tissue in all directions, we are no longer at the mercy 
of the analogy above alluded to ; with a degree of probabilitv 
verging on certainty we can assign the infection of the lymphatic 
glands, and of the entire body, to the tumour-elements them- 
selves, or to such young cells as have acquired infecting powers 
by direct contact with them. 

The implication of the lymphatic glands is held to be a proof 
of the infecting power of a tumour, and so far as of unfavour- 
able augury. This outweighs the more sanguine theory (which 
has been started more than once), that the zymotic virus is 
shut out fix)m the rest of the organism by closure of the 
lymph-paths in the interior of the swollen glands. When wc 
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come to study the details of this sort of ^^ closure by swelling/' 
we shall find it necessar}* to admit that it may very probably 
retard the progress of infection. The delay, however, is never 
more than temporary; it never amounts to an arrest of the 
process. 

§ 120. The third and last period in the propagation of tlio 
tumour shows us that even the sacrifice of several lymphatic 
glands has not preserved the organism from constitutional 
disease. The production of secondary deposits in other regions 
of the body is known as nietasUuM, ^Vhether this designation is 
justified by the actual transfer of material particles from the seat 
of primary mischief and the diseased glands to more remote 
parts, is open to all the doubts previously expressed ; the most 
active investigation has hitherto failed to demonstrate the 
tumour-elements in the blood, through which their transit must 
inevitably take place ; so that here also, prudence bids us confine 
ourselves for the time being to the hypothesis of some zymotic 
material existing in the blood. 

Whoever rejects the theory of a dyscrasia, sees in this radia- 
tion of the formative stimulus from the seat of primary disease a 
summary presentment of the relation in which every malignant 
growth stands towards the organism. He who supports the 
doctrine of a primary constitutional disorder occupies a far more 
difficult position. He may insist however : Ist, that the cachexia 
cannot as yet be fairly identified with the constitutional infection , 
and 2nd, that the formative stimulus must be the same for the 
]>rimary tumour as for the secondary deposits; and that the 
difficulties in the way of explaining the origin of the primar}* 
tumour, save on the hypothesis of an antecedent dyscrasia, 
i^main as great as they ever were. For my own part, I do not 
feel called upon to anticipate in any way the coming solution of 
tills problem. 

§ 121. Having agreed upon the clinical significance of 
malignity, we may proceed to inquire, whether there are any 
anatomical signs by which malignant tumours may be recognised, 
before their malignity is proved by the occurrence of metas- 
tasis ; to this inquiry, we return the same answer as Waldeyer^ 
namely, that tumours tend as a ruld to become generalised in 
direct proportion to the vascularis of the soil in which they 
grow, and to the number of mobile cells present in their 

10 
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interior^ or immediately around them. We still have plenty to 
do in trying to increase the store of our experience concerning 
this most important subject, by the thorough histological investi- 
gation of every tumour wluch comes under our notice, combined 
with a careful record of the farther progress of each case. For 
the present, we will content ourselves with stating the degree of 
malignity of each individual species of tumour, so far as the 
experience at our disposal will allow. It w^ill be seen that 
'' cancerous " growths stand foremost in order of malignity, but 
that some of the histioid tumours (viz. sarcomata and enchon- 
dromata) are also endowed with a certain measure of malignity, 
which is not always assignable to their being combined with 
cancer. 

§ 122. Before dismissing tliis important subject, several 
points nearly allied to malignity, but which ought not to be 
confounded with it, must be placed in their right light First 
among these is the general question of danger to life. A tumour 
may, by its position, its size, its weight, &c., not only occasion 
the greatest inconvenience to its host, but may be the direct 
cause of his death without being entitled, on this ground alone, 
to be called malignant. A fibroid growth in the prostate 
obstructs the urethra and causes death by retention of urine ; a 
fibroid of the uterus endangers life by haemorrhage ; we are not 
justified on such^grounds in terming either of these tumours 
malignant. Neitlicr can the multiple character of a tumour be 
regarded as ipso facto evidence of its malignity. When we find 
sarcomatous growths in various parts of the skeleton ; when 
eruptive foci co-exist on the calvarium, the tibise, the clavicle 
and the vertebral column, we may legitimately infer that the 
entire osseous system is diseased, and we may suspect a general 
disease of bone, analogous to the gen^ral affection of the skin in 
the exanthemata ; but it would be a mistake to try to identify 
this primary generalisation of the growth witli that secondary 
generalisation which is peculiar to malignant tumours. The two 
are independent of each other. 

a. Sarcomata. 

§ 123. On comparing any sarcoma, as regards its colour and 
consistency, with muscular tissue, we find it hard to understand 
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how these tumours can ever have received die name of ^^ flesh- 
tumours" (sarcoma from <rdp(y It is true that in common 
parlance many things besides mnsde are called flesh; for 
instance, granulations are commonly spoken of as ^^ fleshy/' 
and if the name ^^ sarcoma" were derived from this application . 
of the term, the comparison mi^t be regarded as a very apt 
one, and that on more grounds than one. For the sarcomata 
arc the most interesting of all histioid tumours, just because they 
undoubtedly repeat that group of tissues with which we became 
acquainted among the heteroplastic products of inflammation. 
We meet once more with the round*celled embryonic tissue of 
granulations, and with its lymphadenoid variety (caro luxurians), 
with spindle-cell tissue, and the densely fibrous connective tissue 
of cicatrices. As a rule, we find several of thcj^ tissues in 
combination — combined however in such a way, that one of 
them constitutes the main bulk of the .growth, while the 
others are present in smaller proportions. The tumour is 
named after its chief constituent, a potiori fit denanUnatio. 
Aceordingly, we distingoish three main ctegories of sam.- 
mata, sc. round-cell sarcomata, spindle-cell sarcomata, and 
fibromata. 

The secondary constituents are never co-ordinate with tlie 
principal tissue ; they are either preliminary stages in its de- 
velopment, or products of its &rther metamorphosis. These 
metamorphoses occur in the same order as in formative inflam- 
mation ; the round-celled tissue (granulation-tissue) stands first 
in point of time ; it is converted into spindle-cell tissue, whicli 
in its turn gives rise to fibrous tissue. We must not however 
shut our eyes to the fact that the smes of possible evolutional 
forms is not restricted to the histological products of formative 
inflammation. Cartilage, bone, mucous and adipose tissue are 
met with in sarcomata as results of their secondary metamor- 
phosis. Of course they occur only as subordinate constituents, 
and enable us to establish varieties ; the tumours in which they 
predominate, or in which they exist alone, forming the fiurther 
classes of the heteroplastic histioid growths, the myxomata, lipo- 
mata, enohondromata and osteomata. This shows us the close 
inter-connexion of all histioid tumours and helps us to unite them 
into a single group. 

The origin and growth of sarcomata vary for each species ; 
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we may affirm generally that growth by infiltration of surround* 
ing tissues, the so-called peripheric mode of growth, occupies a 
subordinate position ; central growth, increase by internal appo- 
sition, taking the first place. The fibromata afford exquisite 
examples of central growth ; the medullary round-cell sarcomata 
incline rather to the peripheric mode of increase ; the spindle- 
cell sarcomata, in this as in other respects {sc. as regards malig- 
nity) occupying an intermediate position. 

It would be possible to constitute a long series of species 
and sub-species of sarcomata, were all those modifications to be 
taken into account which are mainly due to the seat of the 
tumour. I prefer to confine my remarks to a limited number 
of typically recurring forms, and to relegate tlie consideration 
of the special sarcomata of indiridual organs and s}'stems to 
tlie second part of this treatise. Among such special forms I 
place the ossifying sarcoma of the periosteum and tlie giant- 
cell sarcoma of tlie medulla of bone, the glioma of the central 
nervous organs, the cystosarcomata of the various glands, &c. I 
will also avoid all reference at present to tlie finer shades of 
difference between the leading forms ; in my own experience, 
there is hardly any tumour which has not some shadp of differ- 
ence peculiar to itself; nay, I would go so far as to assert, that 
tumours exactly similar to one another can only occur at exactly 
the same point in the organism. 



Round-cell Sarcomata. 

§ 124. L — The gramdation-like round'CeU sarcoma (sarcoma 
globo-cellulare simplex). In texture and composition this form of 
sarcoma approximates most nearly to the type of granulation- 
tissue. It presents itself to the naked eye as a yellowish or 
reddish mass, homogeneous throughout, soft yet elastic, and occa- 
sionally very like fish-roe ; from its cut surface a scanty juice 
may be scraped ; this juice is nearly clear, or else contains but a 
small proportion of cells. The cells are small in size, round, and 
contain relatively large, sharply-defined nuclei, furnished with 
nucleoli. As a rule, there is but little protoplasm, and what 
little there is is quite naked ; to make it visible, and to con\'ince 
purselves that each of the seemingly free nuclei is really part or 
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a cell, we are obliged to have recourse to hardening the tumour 
and staining it with carmine.* 

The structure of a romid-cell sarcoma differs from that of 
ordinary granulations only in degree. Some of the vessels are 
wider and have thicker walls ; but where they break up into 
capillaries, they are quite as frail as those of granulation-tissue, 
consisting frequently of no more than a single layer of cells. 
Their interstices are uniformly packed with the round-cells, and 
the scanty, soft, amorphous matrix of the embryonic tissue. In 
rare cases, the entire tumour is more highly differentiated ; it 
recalls the papillose variety of granulations, exhibiting radiating 
striae, along which it has a tendency to split up. On a subse- 
quent opportunity we will say more about these fasciculated 
round-cell sarcomata which spring by preference from the peri- 
osteum, where they arc known under the name of sat^coma 
ossi/icum. 

The simple round-cell sai'comata originate most commonly 
fix>m membranous expansions of connective tissue ; they grow 
by preference from the periosteum and the membranous' invest- 
ments of the nervous centres ; we must however be prepared 
occasionally to recognise them in other parts as well, in the skin, 
the mucous and serous membranes, nay even in the glands. The 
simple round-cell sarcoma is closely related to the small-celled 
spindle-cell sarcoma, and throii^i^h this to the fibroma ; it often 
passes continuously into these terms. In harmony with this is 
the comparative benignity which distinguishes this variety among 
all other round-cell sarcomata. 

§ 125. II. — T/ie li/rnpluzdenoid round-cell sarcoma (sarcoma 
lymphadenoides, moUe). IMs variety owes its softer texture 
mainly to the circumstance that its cellular elements are less 
closely aggregated than those of ordinary granulation-tissue. On 
scraping its cut surface a juice, loaded with cells, is readily 
obtained ; on microscopical examination these prove to be round- 

* Virdiow is inclined to ascribe the appearance of the seemingly free 
nuclei to an excessive frailty of the bodies of the cells ; and he takes the 
opportunity of adding an observation which all practical histologists 
should lay to heart (On Tumours, p. 204) ; " this frailty of the cells is so 
striking, that I have long been in the habit, whenever a recent tumour 
seems to consist mainly of large, naked nuclei, with large, lustrous 
nucleoli, of at once suspecting that I have to do with a sarcoma." 
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celb with liu^e, oral nuclei, which refiract light but feebly, and 
are each provided with a point-like nucleolus. On hardening 
the tumour and pencilling out a fine section, we discover a deli- 
cate intercellular network, which forcibly reminds ns of the 
reticulum of the lymphatic follicles, the alimentaiy mucous mem- 
brane, and the caro htxuriarui (fig. 45 J. This network is stretched 
bet^'een the wide, thin-walled capillaries, and imparts a certain 
congistency to the entire structure, while permitting fluid to 
collect in abundance round the cells, and tlius favouring tlieir 
isolation. 

This form of sarcoma originates most frequently from the 
subcutaneous, suh&scial, and intermuscular connective tissue of 
the thigh. Next in order of frequency come the lymphatic 
glands. In this case however wo are met by the singular difH- 
culty that the anatomist may be misled by similarity of structure 
into regarding the sarcoma as a simple overgrowth, hovrever 
monstrous, of the glands ; while its clinical mark (one of extreme 
maligiiity)-i]idicate8 its absolute identitj- with the soft variety of 
i^See Lymphatic Glands.) 



Boimd'.oell sarcoma, a. Lamina of Teesels ; I. Parendtjmn 
partially pencilled ont to show the delicate network fonaed 
b; the hardened matrix, -j^. 

There are several varieties of the lymphadenoid sarcoma. 
^'vomatouB variety (sarcoma lipomatodes) is characterised by 
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having its cdls partially ooi>Ferted by &tty infiltration into fiit- 
cells. This transformati(« is always restricted to a limited 
number of the elements present; inasmuch however as the 
altered cells arrest attention by their Instre and their size, it may 
very readily seem as though the vast majority, if not all, of 
the sarcoma-cells had been converted into fat-cells. The resem- 
blance to genuine adipose tissue does not go very far ; the lack of 
uniformity in the infiltration, and the promiscuous assemblage of 
very large and very small fat-cells, which are never united into 
clusters, make it impossible to confound these tumours with 
lipomata. 

The myxomatous saiHxmui (s. myxomatodes). Small portions 
of mucous tissue are not unfirequently foimd embedded here and 
there in the substance of round-cell sarcomata. Such islets 
betray themselves even to the unaided eye by their transparent, 
jelly-like, tremulous consistency ; the microscope usually demon- 
strates an abundant proportion of mucous basis-substance, with 
a great number of round-cells which do not anastomose with 
one another, embedded in it Mucous softening of the basis- 
substance may justly be regarded as a secondary metamorphosis 
to which all round-cell sarcomata are liable. The possibility of 
this change occurring at an early period in their development, 
and its extension through large portions of a tumour, justifies 
the term '^ myxomatous sarcoma.'^ ^^79 ^be mucous tissue may 
so exceed the proper structure of the tumour in amount, that we 
might be led to think of a true myxoma, but for the presence of 
some few unaltered portions ; these, and more particularly the 
youngest {products at the periphery of the tumour, and its strikuig 
metastases, place its sarcomatous nature beyond the possibility of 
question. The extremely rapid rate of growth which is charac- 
teristic of myxomatous sarcomata might be inferred from the 
fact that mucus, owing to its capacity for swelling by imbibition, 
takes up a volume disproportionately gi*eater than that occupied 
by the scanty intercellular substance of the sarcoma. 

Mucous metamc^phosis and fatty infiltration often co-exist ; 
such tumours are peculiarly prone to assume a colossal size. 

Hie lax connective tissue of I3ie extremities and the subperi- 
toneal connective tissue are the seats of election of the mucous 
variety of sarcoma. 

The larffe^^lled round-cell sarcoma is distinguished by the 
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approximation of its cells to the epitliolial type, and by an inter- 
cellular network with meshes of proportionate size (fig. 46). 
This tumour is very soft, cerebriform, and therefore easily eon- 
fonndcd with tlie next siieeies. 



The large-celled round-cell sarcoma, xhi- (After BiUroGi). 



III. — T!ie alceolar i-ound-cell sarcoma (BiUroth) (ss 
nicdnllare, carcinomatodes) represents a farther advance in tlic 
independent evolution of the cells, analogous ou the one hand 
to tlie suppuration of an inflamed texture, while on the other it 
recalls tliat more sharply- defined contrast between the connective 
tissue and tlie corpusculai- structures which we shall find in 
cancer. Characteristic of this variety is the occurrence of 
globular masses of cells, which are no longer held together by 
any proper matrix, but resemble the pus-corpuscles of a minntc 
abscess in occupying a gap of appropriate size in the continuity 
of the connoctivo tissue. This must not be taken to imply that 
the cells in any way resemble pus-corpuscles ; ou the contrary-, 
they are notably larger in size, they are provided with round, 
vesicular nuclei containing lustrous nucleoli, and verge far more 
nearly on the epithelial type, which in solitaiy instances they 
may even simulate in the most deceptive way. And here I go 
farther than many will be disposed to follow me ; I regard tho 
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stmcture in question as being really a cancerous degeneration of 
the sarcoma (a. carcinomatodes). In my opinion, we are no 
longer jostified in regarding that cancerous type of structuic 
ntiich is co-extensive with the clinical denotation of carcinoma, 
as based exclusively upon the primordial opposition between 
connective tissue and epithelium. " Stroma " and " embedded 
cells" may be produced in mora ways than one, and " epithelioid " 
is not synonymous with " epithelial "; though we may feci 
puzzled to explain how it is that those cells which separate from 
the parent soil iu a more organic manner, slowly, and not sud- 
denly like tho corpuscular elements of pus, should invariably 
exhibit this tendency towards a more epithelial type of develop- 
ment. For there is just this distinction between genuine suppu* 
ration and this simulacrum of it, that we cannot simply ragani 
tlic globular aggregations of cells as being wholly outttde of the 
nutrition of tlie body. Their continued existence without under- 
going fatty degeneration affords sufficient proof of tliis. 

S. carcinomatodes occurs in the most diverse parts of the 
intermediate apparatus of nutrition ; it is most frequent in thu 
marrow of bone, tn the eye, in the subcutaneous tissue. A pecu- 
liarly malignant variety, characterised by the pigmentation of 
its cells, is known as pigmentary cancer (s. alveolare pigmen- 



Alveolar round-cell sarcoma, pigmented, h. An alveolus from 
which its proper globe of round-cells has dropped out ; c. 
Vessel, with pigmented endothelia ; d. Pigmented round- 
cells; e. Spindle-cells, forming Btroma. 
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latum). Tiie provisional diagnosis of this variety is based on 
the great softness and dark e(Jour of the tumonr. On micro- 
scopical examination we find, side by side with the alveolar 
stmctnre in wliich its gro^ih calminates (fig. 47), parts of vari- 
able size, illustrating earlier stages in its development Most 
common is an infiltration of the connective tissue with pig- 
mented round^eells; the transition from this to the medullary 
structure being operated by circumscribed aggregations of such 
cells. In other cases a well-marked sarcomatous texture, oftener 
of the spindle-cell than of the round-cell kind, has obviously 
existed alone for a considerable time before the characteristic 
globes of cells can have been developed. This leads us to 
believe that the melanoses generally are very closely related 
to one another; a view which will be more amply developed 
when we .come to speak of what is vulgarly known as " pig- 
mentary," or ** melanotic" sarcoma. 

Spindle-cell Sarcomata. 

§ 126. IV. The smcUl-celled spindle-^ell sarcoma (s. fuso- 
ccllulare durum) stands in the same relation to other spindle-cell 
sarcomata as the granulation-like sarcoma towards the remaining 
round-cell sarcomata. It deviates least fi:om the tj-pe of inflam- 
matory growth, closely imitating that spindlo-ecU tissue of recent 
cicatrices which constitutes the permanent link between granula- 
tion-tissue and the fibroid tissue of cicatrices. The characteristic 
element of its texture is a short and narrow spindle-cell, con- 
taining a roundly-oval nucleus with or without a nucleolus. 
The protoplasm of the cell is finely-granuJar ; it is thickest 
inunediately around the nucleus ; a limitary membrane cannot 
be certainly shown to exist ; the smaller cells are undoubtedly 
devoid of one. 

The spindle-cells of which the tumour is made up are very 
regularly dovetailed into each other, tlie acute angle left vacant 
between the pointed ends of every pair of adjacent elementi> 
being filled by the pointed end of a third one, lying either 
behind or in fironi of them. No trace of any interstitial sub- 
stance is to be detected ; in no case is there more of it present 
than there is in grannlation-tiflBue ; but tliis minimum, which is 
really nothing more than an amorphous and glutinous cement 
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to keep tJie odU together, cannot be supposed to. be lacking 
even in spindle-odl tisBoe ; by its aid, and owing also to tJie 
harmonioitB coaptation allnded to above, bands of celb nr« 
fermed, bandies of variable thickness, which constitnte the proxi- 
mate strnctnral elements of the spindle-cell sarcnna. I^ie 
bundles -very rarely radiate from a single centre ; more otun- 
monly we find a nombw of omires ; the Tnriona E^teme of 
fescicoli being interworen with one another in the various 
lines indicated by 'the poution of tbo«e points. As a general 
role however, we are not able to detect any definite plan iii 
accordance with which the bandies are combined to fonn » 
single whole. In every section we examine (fig. 48) we find 
some &scicnli divided longitndinally, others transv^-sely, others> 
again in a more or less oblique direction. An attempt has been 



Spindle^cell sarcoma. Vessels gaping. The cellular bands 
divided, some traneverself, some longitudinally. 3^. 

made to connect the course of the cellular bands witli that of - 
vessels ; but this is altogether wrong ; for although the thicker 
fasciculi invariably contain an axial vessel of oonsidorable size, 
this is true of the thicker fasciculi only. With this exception, 
the vessels form networks, just as in other parenchymatou.') 
structures, permeating the cellular bands in all directions. More- 
over all the vessels of a sarcoma, including those of larger 
calibre, have as good as no proper walls ; they present themselves 
in transverse sections of hardened specimens as simple canals, 
tunnelled and drilled through the tissue. 

The small-celled spindle-cdl sarcoma grows by preference from 
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fibrous mcinbraiios, fascis, slieatliB of vesaels and nerves, Uie 
subcutaneous and submucous connective tissues ; in a w<Hd, iu 
scats of election ore the same as those of fibroma ; Indeed, tL? 
two not un&equently occur together {e.t/. in the uterus). Man- 
oxer, in all such sarcomata tliere are parte ^vhere the Bpindle-«H 
tissue passes into fibrous connective tissue ; tumours occcir, which 
are made up of both these tissues in equal proportions ; so thai 
the connexion between this variety of sarcoma and fibroma i^ 
so iutimBt« B3 almost to amount to identity. 

V. Tlie large-celled spindte-cell sarcoma is much more than u 
mere variety of the preceding form. It differs from it in one 
most important [Kiint ; tlie disproportionate development of its 
cells as compared with all tlie remaining clcmente of its struc- 
ture. The spindle-ccUs may attniu the very considerable thick- 
ness of ■015'", and a length bo enormous, that their two ex- 
tremities, under a magnifying jxiwer of 200 diameters, arc 
separated from each other by tlirec times the diameter of tJic 
microscopic field. Tlie thickest jwirt of the cell corresponds in 
position to the large, roundly-oval nucleus, witli its lustrous 
nucleolus. The protoplasm is finely-granular and sofl in the 
neighbouriiood of tlio nucleus ; as we recede from the nucleus it 
becomes moro homogeneous. No cell-mombrane can bo shown 
to exist; but the processes occasionally exhibit so marked a 
degree of tenacity, and so high a refractive power, that we must 
regard them as made up of protoplasm which has grown rigid. 
The name " spMKlIe-<ro]I " implies tlic existence of two such pro- 

i'lfi. 49. 



Large-celled Bpindle-cell sarcoma, after Virdiotc. - 
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cosses ; exceptionally however, we find three or more, giving the 
cell a stellate character ( Virchoto). 

In typical examples of spindle-cell sarcomata the cella unite 
to ibrm bands of considerable size, leaflets, and &sciculi. Tliese- 
may radiate in straight lines in every direction (com a common 
base (radiating sarcoma, foliated sarcoma) ; or they may be 
elaborately interwoven with one another (trabecular earcoma). 
These tumours may grow to a very considerable size without 
undergoing any farther modifiiiation of structure or composition. 
The enormous growth of the cella is in some measure vicarious- 
for the due production of flbroos intercellular substance ; and if 
we are disposed to agree with Max Schultze in viewing the latter 
nn simply metamorphosed protoplasm, this would be a case in 
which building materials had been generated in prolhsion, but 
not used. 

The large-celled spindle-cell sarcomata start from fascix and 
membranes, seldom from the inter- 
stitial tissue of glandular organs. Their ^"^- '^■ 
malignity b restricted in degree ; they 
xery seldom recur after timely extir- 
]>ation. Of course they must be nare- 
fiilly distinguished from cancers and 
medotlaTy sarcomata with a radial 
structure. 

The only variety of the large- 
ecUed spindle-cell sarcoma is a tumour 
which is met with in the skin of the 
cheek; it is essentially a combina- 
tion of the round-cell with the spindle- 

coll type. B„ad, fibro» band, of 'tEi!r',Sr°i,.lld 
spindle-shaped cells diverge irom one roirs of colossal spindle- 
or more centres; the intervals between ce"* «" mingled with 
- , , , I 11 rovrad-cellB, a. Bound- 

them are occupied by the round-eeJI cella; i.VesBel. ^5, 
tissue. This arrangement is repre- 

Hented in fig. 50. We see the colossal spindle-cells, with tlieir 
long bodies and yet longer processes, enclosing long meshes in 
which the round-cells are embedded. 

VI. The pigmentary or melanolic sarcoma (s, melanodes), 
starts most commonly from tlic choroid coat of the eye; 
next in order of frequency' from tlie skin ; both parts, in which 
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the cellalar elements are normally infiltrated with a certain 
amount of pigmentaiy matter. Pigmentation is usually explained 
by supposing that the morbid growth inherits the vital pecu- 
liarities of those cells from which it sprang. But this doctrine 
must not be too rashly accepted. The metastatic deposits, which, 
owing to the well-marked malignity of tlie melanotic sarcoma, 
are by no means rare, exhibit the same disposition to pigmentary 
infiltration, though developed in parts where no physiological 
pigmentation is known to occur. This transfer of a purely 
local peculiarity to the secondary tumours has been advanced 
1)oth for and against the doctrine in question. For it, by those 
who hold that metastasis is caused by the transfer of material 
elements from the primary tumour to ker parts ; .gainst it, by 
tlie believers in a constitutional dyscrasia which generates black 
tumours, where it generates any tumours at all. 

Wo ought, in my opinion, to distinguish as clearly as we 
(;an between the two following points : 1st, the exciting of the 
metastatic deposit by cells which have migrated from the primary 
tumour ; and 2nd, the pigmentation of the secondary tumour. 
With regard to the former, I refer the reader to the hypotheses 
and scruples enunciated in § 120 ; with reference to the latter, it 
jnust be understood that all the cells of a melanotic growth are 
originally colourless. No one will assert that they are directly 
descended from cells which have migrated fi*om the primary, 
tumour ; on the contrary, their local origin is beyond all ques- 
tion ; and as they nevertheless become pigmented, we must 
needs ascribe their pigmentation to a constitutional tendency 
which is independent of the seat of origin of the primary tumour. 
Etiological experience accords with this view ; it teaches us that 
an over-production of pigment is, at all events in the skin, a 
predisposing element in the causation of these tumours. This 
over-production manifests itself either in the growth of bladk 
warts which may degenerate directly into melanotic sarcomata, 
•or in a black or brown staining of the skin, whether difinae or 
•circumscribed. The special predisposition of creatures totally 
<levoid of pigment, e.g, of white horses, to* become afiacted by 
melanotic sarcoma, may be explained on the theory of a vicarious 
])igmentation, the deposit occurring at a single point, and being 
therefore associated with a certain degree of tissue irritation. 

In all melanotic tumours the cells are the exclusive depoai* 
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taries of the pigment The histological details of pigmentaiy 
infiltration have been folly described in the early part of this 
work ; the reader may refer to the corresponding sections. I 
there repudiated^ as regards melanotic growths^ tiie hypothesis 
which derives pigmentation solely from antecedent haemorrhages, 
substituting the view that in such cases soluble blood-pigment 
was taken up from the blood. I arrived at this conclusion, apart 
firom the lack of evidence in support of the haemorrhagic theory, 
from considering how pigment first originates in tumours which 
have existed for a considerable time as simple medullary sarco- 
mata, and have subsequently become melanotic; recurring as 
such after extirpation and giving rise to secondary deposits of 
the same kind. In such tumours we are often able to determine 
that the earliest traces of pigmentary infiltration appear in the 
epithelial eelU lining the vessels. Can this be explained otherwise 
than by supposing that the epithelial cells take up the difiused 
colouring-matter from the blood? that it becomes concentrated 
and then precipitated in a granular form in their interior? And 
when pigmentation of precisely the same kind makes its ap])ear- 
ance at a later period outside the vessels, and finally extends 
throughout the entire parenchyma of the tumour, I cannot see 
any reason for doubting that here too the phenomenon takes 
place in the same manner as in the epithelial cells which line the 
vessels — by the absorption of diffused colouring-matter from the 
blood. 

§ 127. In comparison with the general pathological relations 
of melanotic tumours which have just been discussed, their posi- 
tion in the anatomical scale is a question of subordinate moment 
What is vulgarly known as melanotic cancer has already been 
described (§ 125) under the name of alveolar round-cell sarcoma, 
or medullary melanotic sarcoma. The remaining melanotic 
growths belong for the most part to the group of spindle-cell 
sarcomata. Their consistency is generally firmer ; their texture 
fasciculated or foliaceous. Their well-marked tendency to pro- 
ject above the surface, to form tuberous and fungous elevations, a 
tendency which they have in common vrith the round-cell sarco- 
mata, distinguishes them very notably from the destructive carci- 
nomata. As regards their colour, we must bear in mind the 
principle above referred to (of the colourless condition of their 
elements when yomig), as a standard of comparison. Melanotic 
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sarcomata of great size occur, whicli betray their true cliaracter at 
first only by a black or bronii marbling, a mottled or piebald 
appearance. The deep brown-black, sepia tint is confined to the 
most extreme degree of pigmentary infiltration. 

A fibroOiatous character is only exhibited, according to 
VircfunOf by the melanotic fungosities of white horses, alluded 
to above ; tumours differing in their benign character trom all 
other melano-sarcomata, which are invariably malignant. 

Fibrous Sabcomata. 

til28. VIL TJteFibroid. I cannot separate the fibromata from 
the sarcomata. Just as we sought tlie prototypes of the round- 
cell and spindle-cell sarcomata in the round and spindle-cell 
tissues of inflammatory proliferation, so wc shall find the proto- 
type of the fibromata in the formed tissue of cicatrices. 

The common fibroid (desmoid) consists of a fibrous, reddish- 
white, stiffly-clastic substance, so dense and tough or even bard, 
that it creaks under the ]>nife. Its structural elements are 
identical with those of cicatricial tissue. If we tear off a fine 
fibril fixim the cut snrface of the tumour, and tease it out, we 
arc amazed at the enormous bulk whicli it assumes, i.e. at the 



Trvnaverae section through a fibroma of the nterua. ]^. a. 
Isolated cellalar elements ; b. faacicnlas teased oat to show 
its oomponent Sbrillie. ;^q. 

cimnnouB number of yet finer fibrillse into wliieh it allows itself 
to be broken up. The microscope shows us, moreover, that eacli 
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of these finer fibrilke is itself made up of other fibrill» of extreme 
tentdtyy apparent to the eye as mere lines, though sharp and de 
finite lines (fig. 51b). Just as a well-plaited braid takes up infi- 
nitely less space than a tress of unkempt hair, eyen though the 
number of hairs may be the same in both, so we may suppose 
that in the fibroma the fine and finest fibrillse are very closely 
packed, taking up an amazing amount of space when separated 
by our needles. 

Between the fibrillse, which are composed of a gelatigenou^ 
material, and represent a fibrous intercellular substance, we can 
see the cells (fig. 51b). These are usually small, roundly-oval, 
and furnished with lustrous nuclei. In fig. 51a, I have figured 
these elements under a high power, mainly because Vircliow 
has been led, by their great resemblance to the fibre>-cells of 
unstriped muscle, to set up a ^^ fibro-muscular tumour " as a 
q>ecial variety of fibroma. I do not wish for a moment to ques- 
tion this resemblance ; it would be very difiicult to draw a hard 
and fast line between spindle-cells and unstriped muscular fibres 
so tax as their minute structure is concerned ; meanwhile I think 
it desirable to begin by comparing sarcoma with inflammatory 
proliferation, the spindle-cells of the tumour with those of the 
cicatrix. This iumishes us with a practicable basis for under- 
standing all the structural elements which are met with in the 
fibroid. 

It is only the chief constituents of the tumour that have been 
hitherto described ; besides these we find : Ist, band3 of spindle- 
shaped cells which traverse the tumour in all directions ; 2nd, 
rounded deposits of embryonic tissue which lie embedded hero 
and there in the continuity of the fibrous bundles. I regard 
both of the above as transitional structures from which the 
fibrous tissue is developed in just the same way as the cicatrix is 
developed from the embryonic and spindle-cell tissues. In a 
single uterus, I found a number of fibromata, the larger ones 
consisting mainly of fibrous tissue, while the smaller ones were 
almost entirely made up of spindle-cell tissue. 

The appearance of the tumours on section deserves especial 
notice. The tortuous and interlacing bundles of fibres give it a 
most peculiar aspect. Microscopic examination (fig. 51) analyses 
the naked-eye appearances into their details, without shedding 
any light on the cause of this arrangement In some cases, the 

11 
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concentration of the morbid growth around the vessels and nenres 
of a part appears to exert some influence on its internal arrange- 
ment. For instance, BiUraUi has described a fibroid tumour of 
^ ^eUdB (which he afterwards sent to me for examination), 
consisting of a number of sausage-like cylinders, in whose axes 
the remains of minute nerve-trunks were distinctlj traoeaUe. 
Treading in his footsteps, Czemy has reoentlj separated a group 
of sarcomata, under the name of ^' plexiform tumours,'* adding 
the announcement that the branches of the vessds might occa- 
sionally serve as well as iJiose of the nerves to determine the 
singular composition of the growth. The most striking case 
however, is when all the vessels of a primarily myxomatous 
tumour are surrounded by comparatively thick sheaths, which 
consist throughout of round-cells. In the ordinary variety of 
fibroma, the course of the vessels does not seem in any way 
related to that of the fibrous bundles. It appears to me fiu* mcHre 
likely that as the fibroma (which is an exquisite example of 
the central mode of growth) increases in size, the newly- 
formed products are intercalated between the existing fibrous 
bands, which are thereby dissociated ; and that tlie incompletely 
laminated structure of the growth is thus accounted for by a 
repeated process of interstitial dissociation, and not by concen- 
tric addition of the newly-formed products. 

Fibromata are justly counted among the most benign of all 
morbid growths. We shall find hereafter that the uterus is their 
favourite seat ; and wo shall then become acquainted with a aeries 
of interesting modifications of the structural type which has 
been just described. 

§ 129. VIII. — The cavernous tumour. The tissue of the 
corpora cavernosa penis, with whose structure the reader is sup- 
posed to be familiar, is the physiological prototype of the caver- 
nous tumour. We find the same network of white, glistening 
trabeculse of connective tissue, in whose wide meshes (wide 
enough to be seen by the unaided eye) the blood is contained as 
in a sponge (fig. 52) ; we find the same elasticity of the tndie- 
cular network, which allows of periodical variations in the amount 
of the contained blood, causing alternate swelling and subsidence 
of the growth ; finally, I have convinced myself by a series of 
observations specially directed to this point, that the mode of 
origin of the spongy or erectile tissue is the same in both cases. 
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I call the way in wluoh the cavemouB tumour is produced, a 
*' cavemons metamorplioais." For I have arrived at tlie oooclu- 
sion,w1uohmiglitliave been anticipated a jMwrtjthatevery vascular 
ti»ne is susceptible of ondergoing conversion into erectile tisane. 
So far, therefore, the cavernous metamorphosis may be regarded* 
as a aeoondary phanomoion ; on the other hand, the intermediate 
tissue-changes are so decidedly characteristic of morbid growth 
that I cannot hesitate for a moment to place cavemons formations 
among the histioid tumours. Inasmuch moreover, as the prooeas 
in qoestion involves exactly the same tissue-changes as those 
which onderiie the development of fibromata, and as the caver- 
nous tomour, witen freed from its oontaiued blood, presents all 

PiQ. S2. 



FuUf-doveloped erectile tissne. ^. From a caTemom tnmonr 
of the orbit. 

the characters of a fibroid growth, I have choeeu to deal with it 
here rather than elsewliere. 

§ 130. It is difficult to get an insight into tho mechanism of 
a cavernous tumour. When any space contains a network or 
system of trabecnlte, that portion of the space whic^ is not 
actually occupied by the trabecule themselves, most necessarily 
form another network or trabecular system. If we distinguish 
between a network and a parenchyma wliich occupies its meshes, 
-each of these constituents must stand in the relation of a paren- 
chynm to its fellow. Tlie transverse section of any trabeoula of 
one of the networks must be identical with the circumference of 
an islet of parendtiyma as regards the otiier network, and vix 
rend. Fibres whiti in one of the two networks surromid the 
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trabecular at right angles to their length, would, if thej con- 
tracted, diminish the islets of the parenchyma of the other net- 
work, whose trabeculae would in their turn become shorter and 
thicker. Fibres which correspond in their direction to the long 
axis of the trabecular of one of the two networks, would, if they 
contracted, increase the size of the islets of the parenchyma of 
tho other network and render its trabecular thinner. 

We may also suppose the entire mass of a trabecular network 
partitioned out into trabecular substance proper and tetrahedral 
or cubical nodal pieces (connecting pieces, Yerbindungsstucke), 
common to three or four contiguous trabeculae. Supposing the 
joint volume of the two networks to remain constant, and the 
trabecular of one network to become longer and thinner, this 
would necessarily entail on the one hand a diminution in the 
size of their own nodal pieces, on the other a shortening and 
thickening of the second network whose nodal pieces would 
simultaneously increase in size. 

When once we have thoroughly grasped these rather difficult 
stereometric conceptions, we get at a very natural theoiy of tlie 
mechanism of cavernous metamorphosis. True, it is far from 
easy to conceive of a parenchyma traversed by an ordinary 
vascular network as being made up of a system of rounded 
trabecdae endosing meshes between them. This is made easier 

Fio. 63. by imagining several vessek seen in transverse 
^^^ section (fig. 53a) ; the dotted curves (which may 

^^^"^ ^^1^ at tlie same time be supposed to represent the 
^k — "^ / i lines of contact of the capiUary arches between a 

\ ^^N^ » ' and a) would then indicate the transverse sections 
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# of the trabeculae of pai'enchyma. The vascular net- 
work would thus be made up of long trabecular and 
small nodal pieces, the parenchymatous network of very thick 
but extremely short trabeculae and nodal pieces of colossal size. 

Now the cavernous metamorphosis is brought about as 
follows : in a circumscribed part of an organ, embryonic tissue 
is converted into spindle-cell tissue and fibroid connective tissue 
along the course of the vessels ; this is followed by contraction 
taking place at right angles to the axis of the parenchymatous 
trabeculae, in the direction therefore of the dotted curves (fig. 
53), causing elongation of the trabeculae, diminution in the 
size of their nodal pieces, and, as a necessary consequence^ 
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dilatation of the blood-channels ; ue. a shortening of the trabe- 
cute and an enlargement of the nodal points of that network 
which is constituted by the blood. 

§ 131. Fig. 54 may serve to elucidate the above remarks ; it 
represents the development of a cavernous tumour ficom adipose 
tissue. We see three clusters of fat-cells which correspond to as 
many stages of the cavernous metamorphosis. The least altered 
cluster e^bits the well-known capillary network^ which is made 
apparent, in the present instance, not by injection, but by the 
walls of the vessels being coated with numberless round connec- 
tive-tissue corpuscles. It is highly probable that these cells are 
colourless corpuscles which have migrated jfrom the blood ; this 
part of tlie process might then be regarded as a veiy insidious 
inflammatory change limited to the immediate neighbourhood of 
the vessels. In the adjoining cluster the process is so fiu: 
advanced that only scattered fat-cells are still intact, all else 
having been transformed into embiyonic tissue. This is begin- 
ning to undergo conversion into fibrous connective tissue along 
the course of the vessels, which gape widely, especially at their 
nodal points. 

The third cluster shows the erectile tissue in its maturity ; 
(cfl fig. 52) ; what was the parenchyma is now a system of 
trabecular, towards which the blood-containing spaces stand in 
the same quantitative ratio as that in which the parenchyma 
stood towards the vascular network in the least-altered cluster. 

Thus we see tliat the cavernous growth originates in a fibroid 
degeneration of the capillary portion of the blood-path ; it is a 
mistake therefore to derive it from an ectasy of the veins or 
arteries. This must not be taken to mean that the larger 
afferent and efferent vessels of the area undergoing degeneration 
remain unaltered. The arteries of the cavernous. tumour more 
especially show an enormous thickening of their walls, a tortuous 
course, and a capacity for dilatation such as no healthy vessels, 
save ihe helicine arteries, ever exhibit Thd annexed figure 
likewise informs us concerning their relation to the blood-spaces 
of the erectile tissue. They communicate with these spaces by 
as many apertures as there formerly were communications 
between the arterioles and the capillary network. The amount 
of blood in the erectile structure tlepends immediately on the 
degree in which the arteries are contracted. Li fig. 54, besides 
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the three d^ienwated clusters of fat-cells, Tve see an artery of 
larger calibre in transverse sectioD. The vessel is firmfy con- 
tracted ; the intima, much thickened, is thrown into fbnr longi- 
tudinal folds; the lumen is a mere slit; we can readily perceive 
how a &riher contraction of the circular fibres would ineritablr 
lead to its obliteration. I can assure the reader, that the very 
same artery, when faWy dilated, would take iq> abottt twelve 
times as much space as it now occnpies. 



The development of a cavernous tumour in adipose tissue. 
Three cIuBters of fat-eells, representing the yarioue phases 
in the development of the tumour; a divided arterj is seen 
in the right upper comer. Prom the pannirtih'.s adiposiu 
of the cheek, ^l^. 

Cavernous tumours originate by preference in tlie adipose 
layers of the organism. On one occasion I found cavernous 
metamorphosis going on in the interior of n lipoma. It mm/ 
occur, as has been already said, in any organ of the body whicli 
possesses blood-vessels ; in any organ therefore except cartilage, 
the cornea, and the vitreous humour. It is not unfireqnently 
multiple. Cases are on record of a cavernous tumour of the 
skin having been associated with similar growtlis in the muscles 
and bones. 
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Camnoiis tomoors are occasionaily malignant ; bnt tbeir 
malignity usnally depends on a manifest complication with 
molanotie sarcoma, whose nodular foci are developed in the tra- 
becule «f the cavernous tumour. 

§ 132. Cavernous metamorphoais of fibrous sarcoma itself is 
pecnliarij intMWting. BUlroth was the first to speak of a " ca- 
TernooB fibroid." I have already remarked, when speaking of 
the spindle-eell variety of sarcoma, that its vessels bad as good 
as no proper walls, and therefore remained gaping on its cot 
surface. The same is tme of the fibromata. Fibromata with 
exceptionally wide and gaping vessels may even appear quite 
spongy. Billroth found that naso-pharyngeal polypi, whose 

Fio. 55. 



Cavemoua fibroid, after Billi-of/i. jJa- (Naao-pbarjnReal 
poljpns.) 

growth is peripheric, are especially prone to exhibit a cavemons 
/udnttts; and I can assert, from independent observation, thai 
the cavernous tissue in such cases originates in precisely 
the same way as that which I have just described. Fig. ^it 
represents a vertical section tlirough the circumference of a 
caTemouB filwoid. Externally, we have a verj- vascular emlny- 
onic tissue ; internally, the fcmiliar trabeculse of the cavernous 
tissue ; while between the two an seen the transitional phases. 
I have placed cavernous tumours under fibromata on account of 
the idwitity of the histtJogioal processes which underlie the 
dorelopment of both; should any one doubt the adequacy of 
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my reason, he may find an additional motive for oonferming to 
my view in this second bond of union between the two forms. 



b. Liponiata or Fatty Tumours. 

§ 133. Not only is the h'poma or fatty tumour principally 
made up of the characteristic elements of adipose tissae, the 
fat-cells, but it also agrees in structure with the normal fat of 
the human body by the union of these fitt-cells into little 
spheroidal clusters which are parted from one another by septa 
of connective tissue. A stouter coat of connective tissue com* 
bines several such clusters into a lobule, also of globular shape ; 
and it is of such lobules that most fatty tumours appear to the 
naked eye to be made up. The panniculus adiposus also exhibits 
a lobulated structure, but its lobules (the glanduloe adiposai) never 
reach the considerable dimensions which are commonly attained 
by the single lobules and tubera of a fatty tumour. The indi- 
vidual fat-cells of a lipoma differ in like manner firom ordinary 
fat-cells. They are considerably bigger, ue. more distended with 
oily matter, which in its turn is more fluid, and contains more 
elain than usual. 

AU the lipomata are perfect examples of central growth. 
Their enlargement, as well as their origin, depend in the last re- 
sort upon an abnormal production of new clusters of fat-cells ; this 
is brought about by a moderate and sharply-defined proliferation 
of the connective tissue, leading to the formation of a circum- 
scribed corpuscular aggregate, followed by an infiltration of the 
newly-formed cells with oily matter. It would seem however, 
that the formative stimulus is most intense amid a collection of 
pre-existing clusters ; while it is certain that the vessels of the 
new clusters originate from the vessels of the older ones in the 
same way as do the vessels of papillomata. This explains why 
a lipoma is usually connected with neighbouring parts at one 
point only by a stout vascular pedicle, and has the rest of its 
external surface limited by a large-meshed connective tissue, 
or even by a smooth capsule ; this explains its peculiar, lobulated 
build — in a word, the o^entral growth of the tumour. 

Lipomata occur by preference in those localities which are 
normally infiltrated with fat, such as the subcutaneous, sub- 
mucous, subsynovial, subserous, subfascial, intermuscular, and 
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intraorbital connective tissae. From this point of view the 
lipomata may be regarded as overgrowths of the normal layers 
of &ty eacreae&aicB membrancB adiposcB {MarffOffni); and if we 
choose to regard these layers as a connected system of adipose 
tissue, and not as a certain quantity of connective tissue infil- 
trated with fatty matter, we may claim for lipomata, together 
with polysarcia, the quality of hyperplastic tumours. For my 
own part, I look upon polysarcia as a fatly infiltration of pre- 
existing connective tissue, and on lipoma as a fatty infiltration of 
a growth of independent origin and development 

§ 134. The lipomata, like the papillomata, at first increase 
slowly, their growth proceeding in an accelerating ratio. They 
may attain a very considerable size. Tumours as large as a 
man's head and larger, are by no means rare. Moreover their 
central mode of growth involves their speedy emergence fix>m 
the surrounding soft parts, and their protrusion towards the 
nearest firee surface ; they push the skin before them, and finally 
project above the surface as tuberous or polypoid excrescences. 

The greater the size of a lipoma, the greater the probability 
that farther metamorphoses have taken place in its interior. We 
not unfi*equently find a chronic inflammatory overgrowth and 
fibroid trajisformation of the interstitial connective tissue. In 
consequence of this the clusters of fat-celk perish en massej the 
remaining lobules being separated by broad bands of fibroid 
tissue (Fibroid Lipoma, Steatoma MuUeri). Betrograde changes 
are more commonly met with. Calcification of the fibrous 
matrix of the clusters stands foremost amoni? these. It results 
in the fonnation of a spongy calcareous tafwork with exceed- 
ingly fine meshes, which permeates the entire tumour, or large 
sections of it, making it very hard and heavy. Yet more remark- 
able is the mucous transformation of the tissues of a lipoma, 
and the consequent possibility of a fatty tumour being converted 
into a myxoma. Li persons who are much emaciated, who have 
been exhausted by lingering disease, we ofi;en find the adipose 
tissue about the heart deprived of its fat, and in a peculiarly 
swollen and oedematous state, which, on minuter examination, 
proves to be due to mucous infiltration. Precisely the same 
phenomenon is met with in lipomata, and especially in the larger, 
pedunculated lipomata of the skin. The tumour acquires a 
transparent and colourless aspect; it becomes tremulous and 
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jelly-like ; the fluid which oozes firom its cut surface contains 
mudn ; so that we are compelled to acknowledge the myxomateoB 
character of the growth, and to call it (should the entire tomoor 
have undergone this degenerative change) no longer a lipoma, 
but a myxoma. 

Lipomata, in common with fibromata, are .very justly regarded 
as decidedly benign. A lipoma, once tlioroughly extirpated^ 
never recurs ; metastases to neighbouring lymphatic glands or 
to internal organs have never been observed. 

c. Encliondromata or CaHilage Tumours, 

§ 135. The term enchondroma is applied to cartilage when it 
appears in the form of a tumour at some point in the body where 
no cartilage should normally exist The substance of an enchon- 
droma therefore presents the peculiar elastic hardness, and tlie 
milk-white colour, translucent in thin layers, which are char- 
acteristic of cartilage. As regards minute structure, normal 
histology, as everybody knows, distinguishes between several 
varieties of cartilage ; and particularly between hyaline earfUaffey 
whose matrix is homogeneous, and Jih^o-cartUage, whose matrix 
is fibrous. But the cornea also yields ehondrin on boiling, and 
its tissue may very well be regarded as a form of cartilage, whose 
cell-containing cavities are stellate, with branching processes 
{cartilage tvitk stellate cells). 

All these textures may coexist in an enchondroma, yet 
hyaline cartilage as a rule predominates. One of the most 
characteristic and most frequent combinations is that of small 
rounded islets of hyaline cartilage passing at their periphery into 
fibro-cartilage or corneal tissue. The hyaUne cartilage forming 
the nucleus of each islet difiers in no respect from the well- 
known physiological type. The cells are either single, or arranged 
in pairs or groups, showing how the limits of each primary 
element have been extended by subsequent endogenous jiroli- 
feration. The capsules are not always distinct; their entire 
absence is a sign tliat the matrix is beginning to soften. The 
protoplasm of the cells is of variable form. It is usually stellate, 
and contains a nucleus ; this form may either be due to shrinking 
of the cells under tlie influence of reagents, or to the spontaneous 
contractility of the protoplasm ; the latter explanation being 
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especially applicable when a conversion of the hyaline cartilage 
into macoos tissue is taking fizoe. Under such circumstances^ 
li&e formation of processes coincides with the disappearance of the 
capsules, and a mucous intumescence of the matrix. Vtrchom 
has observed cells with processes of colossal length in an enchon- 
droma undergoing this change (^Vireiicw^s Archiv, 28, p. 238). 
Towards the periphery of these islets of cartilage, the cells 
decrease in size, they become flat and lenticular; the matrix 
shows striae, and is traversed by fibres of variable thickness, 
which resemble elastic fibres and are remarkable for their stifi*- 
ness {fihro-cartUage). Or else the cells may become spindle- 
shaped and stellate, they may anastomose with one another, and 
be obviously situated in a lacunar system provided with nodal 
points, while the intercellular substance retains its homogeneous- 
and transparent quality {cartUage with stellate cells, corneal tissue). 
Neighbouring islets of cartilage are in contact by these outer- 
most zones of fibro-cartilage or cartilage with stellate cells, and 
are thereby imited into groups, forming nodules or lobules as 
large as a pea, of which the entire tumour appears to the naked 
eye to be made up. 

§ 136. The above sketch of the microscopical appearances 
shows that enchondromata are also endowed with a lobulated 
stmctore ; but their lobulation difiers very essentially 6roxa that 
of a lipoma, or even from that of a papilloma. The lobules of an 
enchondroma are co-ordinate with one another ; they have grown 
up side by side ; it is only this topographical juxtaposition of the 
lobules, and not any higher unity, such as a common vascular 
apparatus, or a growth by development ab intra, which unites 
them into a single whole. Although it is noteworthy, as seeming 
to point to an organic type of structure, that the individual 
lobules of which an enchondroma is made up, never exceed a 
certain size, yet this is explained by the simple fact, that cartilage 
generally-*even in the normal course of development — is not 
deposited in continuous masses of large size, and — to use a teleo- 
logical form of expression — ovfflU not to be so deposited. Cartilage 
being a non-vascular tissue, is nourished by the transmission of 
nutrient fluid from cell to cell. At a certain distance from the 
vessels which carry the blood, this mode of nutrition becomes 
impossible ; and unless some new airangement be provided for 
the supply of the central parts, disturbances of nutrition in those 



172 ENOEONBROKATA. 

parts most inevitably follow any farther growth. In the deye- 
lopment of the osseous system from cartilage ive accordingly 
find a singular arnuigement When a cartilaginous epiphysis 
has reached a certain bulk, medullaiy spaces containing blood- 
vessels appear exactly in its centre ; and this gives the necessary 
impulse for the development of true bone, which accordingly 
begins at this very point (epiphysal nucleus). The formation of 
vessels and of true bono has also been observed in enchondromata. 
It is the rule nevertheless, that the individual portions of cartilage 
should never reach a size so great as to interfere with their being 
conveniently nourished from their circumference. 

§ 137. This implies of course that the connective tissue 
which combines the lobules of the enchondroma into a tumour 
(tlie stroma) contains an adequate number of vessels, and that 
a suf&cient quantity of blood passes through those vessels. This 
is the case in tumours of relatively small size, and at the circum- 
ference of tlie larger ones as well But it is not the case in tlie 
interior of the latter. On the contrary, the vessels appear to 
be compressed and obliterated by the pressure of the growing 
tumour. Li every enchondroma of considerable size — and some 
have been met with weighing five pounds — ^we may accordingly 
assume that a more or less complete obliteration of the vessels in 
its interior has taken place, giving rise to subsequent metamor- 
phoses of its substance. 

We nearly always find calcified patches in an enchondroma. 
The cartilage then exhibits the infiltration which has been 
-described at length in § 49. This starts now from the matrix, 
now from the cells and capsules. Tlie results are always the 
same to the naked eye; the colour of the infiltrated parts 
becomes dark-yellow and opaque, their consistency granular and 
friable. It has already been mentioned that tliis calcification 
may occasionally be followed by a true ossification, as in the 
normal development of bone. Reference lias also been made to 
tlie conversion of the cartilage into mucous tissue, Tliis should 
be regarded less as a degenerative process, than as a change of 
type, as a conversion of one tissue into another tissue of equiva- 
lent quality, which may result in the partial or complete trans- 
formation of an endiondroma into a mjrxoma. It is fiir other- 
wise with that softening of an endiondroma which begins with a 
fatty metamorphosis of the cartilage-cells, their conversion into 
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granule-oells, &c., these changes being farther complicated by a 
mucoid softening and solution of the matrix ; the final result of 
the process being the formation of cavities, fluctuating points — in 
a word, of " cysts due to softening " — in the interior of the 
enchondroma, which are fiUed with a jelly-like viscid fluid con- 
taining a very large proportion of mucin* This ct/atoid degenera-- 
Hon of enchondromata (^enchondroma cysticuni) ought certainly to 
be regarded as a consequence of impaired nutrition. 

§ 138. Unfortunatdy however, this is not the last of the 
anatomical modifications of enchondroma. The complication of 
enchondroma with alveolar sarcoma (vulgarly called cancer on 
account of its alveolar structure) has yet to be considered. It is 
to this complication that enchondroma owes a certain reputation 
for malignity, a reputation which the growth per se does not 
deserve. Cases are on record of medullary tumours appearing 
at the seat of operation and in other regions of the body after 
the removal of enchondromata ; such cases all refer to this com- 
bination of enchondroma with soft sarcoma. In such cases too, 
the superadded element of malignity can usually be recognised 
even in the primaiy tumour. Medullary nodules of variable size 
are met with along the vessels in the stroma of the cartilaginous- 
tumour. Still, it is an established fact that pure enchon- 
dromata are also liable to recur; a gradual extension of the 
growUi along the lymphatics, metastases to the nearest lymphatic 
glands, nay, even to internal organs, have' more than once been 
observed. Among internal viscera the lung is the favourito 
locality for secondary deposits of an enchondromatous nature. 
It must be remembered, however, that these secondary deposits 
are excessively rare, and always of extremely small size, even 
when the dimensions of the primary tumour were colossal. 

§ 139. From a quarter to four-fiftlis of all enchondromata 
occur in the osseous system, and more particularly in the 
diaphyses of the long (tubular) bones. We shall hereafter 
become acquainted with the great variety exhibited by enchon- 
dromatous tumours of bone, both in tlie manner of their first 
appearance, and hi their subsequent development; here I will 
only allude to a single variety, the oateoid^chondronia of VirchotOy 
inasmuch as it familiarises us with an essentially aberrant form 
of cartilage as its main constituent In reckoning up the various 
kinds of cartilage, one tissue is usually omitted, which neverthe- 
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less possesses the most substantial claim on our notioe on the 
ground of its morphological constitution. I allude to that 
peculiar sort of connective substance (Bindesubstanz) which is 
called true bone after it has been impregnated with calcareous 
salts, but which, before this impregnation, consists of a highly- 
refracting, dense and homogeneous matrix, in which the future 
bone-lacunse still exhibit more of a rounded or rather perhaps of a 
polygonal form, with very short processes. The trabeculse of an 
osteophyte {see Diseases of Bone) are composed of this tissue ; in 
thin layers, it lines the medullary spaces of such bones as ai^ 
passing from the spongy to the compact state. It plays a great 
part in die repair of fractures by forming the main bulk of what 
is known as ^^ callus." Its truly cartilaginous properties are 
however especially manifest when, as in the osteoid*chondro- 
mata, it forms tumours, often of colossal size. 

§ 140. Osteoid cartilage may abo originate independently of 
the bones ; in a compound tumour from the back, Virduno found 
portions of well-marked osteoid cartilage side by side with 
myxomatous and lipomatous elements ; but as a general rule 
such tumours spring from bone. Their growth begins between 
the periosteum and the surface of the bone, but they sub- 
sequently penetrate through both the periosteum and the 
compact cortex. They usually present themselves as ftisi- 
form or pear-shaped swellings of one of the extremities of a 
long (tubular) bone. They have been most often met with in 
the humerus and femur. Betrograde metamorphoses are less 
common in these than in any other of the heteroplastic tumours 
which we have hitherto considered. This immunity is connected 
with the very complete and uniformly efficient vasculariaation of 
every part of the tumour, an advantage which the osteoid- 
chondroma enjoys in common with osteophytes and callus. The 
cartilaginous trabeculas of the osteoid substance form a delicate 
framework, in whose meshes even the finest capillaries are free 
from all risk of being squeezed by the growing tissue. One 
metamorphosis only, and one which might be anticipated a priori^ 
is met with in nearly every osteoid-chondroma ; I mean a transi- 
tion of its proper tissue into that of true bone. Hence it is that 
an osteoid-chondroma creaks under the knife, and that we are 
sometimes obliged to have recourse to tiie saw in order to divide 
it The ossified portions are known at once on the cut surfiuse 
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by their great firmness and density; should the entire tomour 
have been converted into bone, the osteoid-chondroma is said to 
have become an osteomau 

As regards its innocence or maligiuty, we cannot ventare to 
pronovmoe any decided judgment, owing to the small number of 
cases which have been liitherto recorded. The elements of pro- 
gnosis laid down for enchondromata may bo held (at least pro- 
visionally) to be applicable to this variety likewise. 

d. Myxomata or Mucous Tumours. 

§ 141. A summary of all that has been said in the sections 
treating of mucous tissue shows us that, although it is to bo 
regarded as a thoroughly independent and vitally active member 
of the connective series, it nevertheless originates, .in the vast 
majority of cases, by a secondary metamorphosis of other con- 
nective substances (§ 42) entering into the formation of tumours. 
We have become acquainted with a myxomatous variety of sar- 
coma, lipoma, and enchondroma respectively, understanding 
thereby tumours, circumscribed patches of whose proper sub- 
stance had undergone conversion into mucous tissue. It must 
be admitted that this order of sequence is an inference from the 
coexistence of these modifications ; but the possibility of a myxo- 
matous metamorphosis of cartilage, adipose tissue, and areolar 
connective tissoe, has been established by observations so nume- 
rous and well authenticated, that we are quite justified in assuming 
the sequence to have been such as we have stated, and not of an 
inverse order ; moreover, we have good grounds for preferring 
SQch a conclusion (at least in the majority of instances) to the 
faypotliesis of a simultaneous development of compound types of 
tissue. Bearing this well in mind, it seems at least, prudent to 
restrict the term " mucous tumour" to such growths only as are 
exclusively made up of raucous tissue. Such tumours indeed 
are not common ; they are common enough however to warrant 
us in maintaining the group of myxomata as originally consti- 
tated by Virdhow. 

§ 142. The definition of raucous tissue implies the existence 
only of a basis-substance containing mucus, or of one which has 
undergone mucous softening ; it involves no theory concerning 
the form and character of the cells ; it allows us therefore to set 
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up a certain namber of histological subspecies of the myxoma. 
The optical and physical properties of tnnciu are (§ 39) best dis- 
played when the number of cells, whether round or stellate, is 
smaU in proportion io the amount of intercellular substance. 
Accordingly the hyaline myieoma (fig. 56) is the most charac- 
teristic form of the entire group ; it is colourless, translucent, 
like a tremulous jelly. Should the cells predominate, either in 
the entire tumour or in single portions of it, we get a whitish, 
marrowy condition — the medullary myxoma. Fattj- infiltration 
of the cells leads to the formation of a fipomaioue mi/xoma (m. 
lipomatodcs). 

Fig. oC. 



Hyaline myxoiuft of the snbcataneous connective tissue near 
the aagle of the jaw. ^Is- 

§ 143. The myxoma, like the lijxjma, has a lobulated struc- 
ture ; it is made up of separate parts of variable size, which are 
separated from one another by partitions of connective tissue. 
Little is known at present conoeming the arrangement of its 
blood-vessels ; injections of a hyaline myxoma of the cheek 
(as large as a closed fist) made by myself, lead mo to suspect 
that myxomata are but sparingly provided with capillaries, tiiat 
their vessels are mainly of lar^sh calibre, and mn in the thicker 
septa. 

M^-xomata form nodular swellings which increase rapidly in 
size ; owing to this circumstance, ns well as to the great sofhiess 
of their tissue, they are often mistaken for soft cancer. They 
resemble lipomata in making for tlie surface by the shortest or 
easiest route ; here they form nodulated or fungous projections, 
and may even become pendulous or polypoid. 

The subcutaneous areolar tissue of the thigh andback, and 
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of the external genitals in the female ; the intermnscular oon- 
nective tissue of the neck and face, are the favourite seats of 
myxoma ; next to these, it is most frequentlj met with in the 
bones and nervous system. In the nervous system (aooording 
to Virchcw) it is often multiple, myxomatous nodules being 
formed at several points at once in the connective tissue of the 
perineurium. As regards prognosis, myxomata, if we succeed 
in duly eliminating the myxomatous variety of sarcoma, may be 
classed amonir benign tumours. They do not recur after radical 
extirpation. 

e. Osteomata or Bony Tumours. 

§ 144. Bony tumours in some respects resemble myxomata. 
Bone, though a living constituent of the body, and even suscep- 
tible of undergoing metamorphosis, resembles mucous tissue in 
being a ^^ terminal " tissue, i.e. it usually winds up a series of 
other metamorphoses. The stromata of cancers may undergo 
ossification. Liicke has actually recorded a case of epithelial 
cancer with a bony stroma ; we are acquainted with an ossifying 
sarcoma ; enqhondromata and osteoid-diondromata may be con- 
verted into bone ; even the septa of connective tissue between 
the lobules of a lipoma may become ossified ; we are therefore 
obliged to repeat what was said in defining a myxoma, limiting 
the term osteoma to such tumours only as consist throughout and 
in all their parts of bone-tissue. If we distinguish with Ftr- 
ehcw between a hyperplastic and a heteroplastic form of osteoma, 
we shall have to include under this head whatever tumour-like 
overgrowths of the bones we may come across. Heteroplastic 
osteomata are undoubtedly very rare. 

f. Myomata. 

Under this name we include all tumours which are 
mainly composed of true muscular fibre. According as the 
muscular fibres belong to the smooth or the striped variety, 
we follow Zenker in distinguishing between leiomyoniaJta and 
rJuxbdomyomatcL I have found however, that it is just in the 
case of tumours that transitional forms between smooth and 
striped muscular fibre are to be met with. A large myoma 
of the retroperitoneal adipose tissue which I had an oppor- 

12 
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tunity of examining, was made up of transversely striated 
spindle-shaped cells ; so too, a myoma of the yaginal mnoons 
membrane, which sho¥red an obstinate tendency to recur. Pure 
leiomyomata, when they occnr in the bowel, the nrinary bladder, 
&&, exhibit thronghoot the stmctore of muscular membranes. 
I assert boldly that no one who has once investigated a tomonr 
of this kind is ever likely to confound simple spindle-oells with 
muscular fibre-cells. The remarkable uniformity in size and 
appearance of all the cells and nuclei, enabling them to unite 
closely into fibrous bands of very elegant texture, has something 
extremely distinctive about it The naked-eye appearances, the 
interlacement of the fibrous bands, unquestionably remind one of 
the fibromata ; but I have never been able to recognise the ezist- 
Gnce of a fibro-muscular tumour in Firchow^s sense of the word. 
In a myoma of the testicle, I found groups of ganglion-cells, and 
stroma-fibres. (See Testicle.) 

g. Ifeuromata. 

§ 145. The term neuroma is used to denote any histioid 
tumour which may happen to be intercalated in the oomse of a 
nerve-trunk ; it is employed with especial firequenqr to denote 
fibromata and myxomata ; hence we must distinguish m limine 
between /o^ neuromata, such as these, and the true neuromata, 
which consist chiefly of newly-formed nerve-fibres and ganglion- 
cells. A tumour of this sort, as large as a hen's egg, situated 
in the retiring angle between the ribs and the anterior dreum- 
ferenoe of the vertebral column, has recently been observed 
(Schmidty Frankfiirt-am-Main). It merits especial notice, inas- 
much as it seems to be the first recorded example of a true neu- 
roma not of hyperplastic origin. True, its situation does not 
absolutely exclude all possibility of its having originated by over- 
growth of a sympathetic ganglion ; should this be its true 
diaracter, it would come under the same category as those cir- 
cnmscribed overgrowths of the greater cerebral ganglia (thala- 
mus opticus, corpus striatum) which have been more often met 
with, as well as those fusifbrm enlargements of the perijAeric 
nerve-trunks, consisting of nerve-fibres, which Virdkaw has de- 
scribed under the name of true neuromata. 
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h. Compound Siatioid Tumourt. 

§ 146. In all the histioid tamoors which we have hitherto 
examined, a single tissiie could, with more or less of certainty, 
be viewed as the dominant oonslitaent, thus enabling us to decide 
on the character of the growth, and to give it an appropriate 
name. There can be no doubt however that compound tumours 
€zi8t as welL When distinctly cartilaginous elements are found 
associated with lipomatous ones, when sarcomatous nodules 
are found (see above) scattered through an enchondroma, we are 
puzzled whether to call these things enchondroma lipomatodes 
or lipoma cartils^ineum — sarcoma cartilagineum or diondroma 
sarcomatosum. This perplexity recurs when we come to inquire 
into the dinical character, prognosis, Ac., of such tumours. As 
regards the latter question, we are justified in hjing down the 
following propositions on the basis of several reliable observa- 
tions: Ist, that the prognosis of compound tumours is less 
firvourable than that of the seveial epedes of which they are 
made up ; 2nd, that the presence of sarcomatous constituents 
renders a compound tumour at once equivalent to a sarconuu A 
compound tumour of this sort usually shows its true colours by 
recurring as a sarcoma after its first extirpation. (For the com- 
bination of histioid growths with carcinoma, see under the head 
•of Carcinoma Sarcomatosum.) 

4. Morbid Growths due to Abnobxaijtixs of Epithxlial 
Devslofuknt, whithbr DrvoLvnro the conjoint Blood - 

VABCULAB AND CONNSCmVX'TIBStTB StSTXM OB NOT. 

§ 147. The present section will be mainly devoted to the 
-enunciation of some general views concerning the essential 
nature, the mode of origin, and the affinities, of the so-called 
^< carcinomata.'* By carcinoma we understand a morbid growth 
which exerts a destructive action upon the organs of the body, 
which usually recurs after extirpation and gives rise to secondary 
deposits, and which is therefore of a mah'gnant nature. These 
properties indeed, as we have seen already, are likewise exhibited 
by certain histioid tumours, and it would be exceedingly desir- 
able to have some definite anatomical criterion, by which we 
might recognise carcinoma as such, and distinguish it fix)m other 
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destructive and malignant growths. Now it has been, and still 
is usual, to regard a certain morphological peculiaritV| what is 
known as the alveolar type of structure, as essential to the recog- 
nition of '^ cancer/' This means no more than that we look for 
the essence of cancerous degeneration in the development of cir- 
cumscribed deposits of cells, which burrow their way in certain 
directions, and necessarilj convert the residual parenchyma of 
the organ which is undergoing destruction into a trabecular 
framework or stroma, the form and size of whose meshes 
(alveoli) are regulated by those of the cellular aggregates which 
they include. It is obvious that this plan of structure is pecu- 
liarly adapted for the accommodation of large multitudes of free 
cells; and such an adaptation we must regard (in conformity 
with what was said in § 121) as the most powerful cause both of 
the local growth of a tumour and of the infection of the entire 
organism. This justifies the seemingly arbitrary selection of the 
alveolar type of structure as the anatomical mark of cancer ; but 
a new difficulty starts up when we come to reflect that the term 
^^ carcinoma " will also have to include the alveolar sarcomata ; 
tumours, in whose ^^ interpenetration with ceUular aggregates '* 
we preferred to see an analogy with the suppuration of inflamed 
tissues. I accept this consequence as logically ine^dtable, and I 
therefore range myself on the side of those who regard ^^ carci- 
noma " as a term essentially clinical, finding but an imperfect 
anatomical expression in that alveolar type of structure with 
which it is invariably associated. 

§ 148. The vast majority of carcinomata originate primarily 
eitlier from the epithelium which covers the free surfaces of the 
body, the skin and mucous membranes, or else from the secret- 
ing glands. They depend upon an abnormal growth of the 
epithelial tissue. We might go so far as to say that the process 
which underlies all these carcinomata is an ingrowth of the 
epithelium into the sub-epithelial stratum of connective tissue, 
whether of the skin or of a mucous membrane, or into the inter- 
stitial connective tissue of the glands. The manner in which 
this ingrowth takes place differs widely in different cases. The 
general impression conveyed by carcinomatous destruction, €,g. 
the appearances presented by a vertical section under a low 
power, seems to justify the assumption that it consists in a 
morbid imitation of that histological process which precedes the 
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deTolopment of the open glands. In both cases alike, we have 
aggregates of epithelial cells projecting in the form of tap- 
shaped processes or cords from the under surface of the epi- 
thelium, and boring their waj between the fibrous bundles 
of the connective tissue. Phenomena of active fission are also 
seen to take place in the elementary constituents of these cellu- 
lar aggregates; two leading features therefore are undeniablj 
common to the morbid process and the normal development of 
glands. Nevertheless the view which makes the development of 
cancer consist in a lawless and irregular counterfeit of the normal 
growth of glands (Jiitiradinie of the French) is only legitimate 
within certain limits. After having devoted so much time and 
space in former chapters to the consideration of the normal 
growth of epithelium, it would be unfortunate indeed were we 
now to sacrifice the firuit of those considerations, bj a premature 
attempt at sjstematisation. Indeed, as regards cancerous disease 
of open glands, special stress must be laid on the fact that every 
imaginable intermediate stage exists between simple glandular 
hypertrophy and glandular cancer. Of late years, our know- 
ledge of these transitional forms has been much extended, and 
the term adenoma has been prdposed for a tumour which is 
neither simple hypertrophy nor yet cancer. Such at least is the 
most commonly received acceptation of the word ; some authors 
raising the denotation of the term in the scale, while others lower 
it, the former placing it nearer to hypertrophy, the latter to 
carcinoma ; and that any such shifting should be possible affords 
conclusive proof of the existence of a graduated scale between 
the two extremes of simple hypertrophy and cancer. 

A general appreciation of those cancers which spring from 
ihe epidermis or the epithelial covering of mucous membranes is 
&r more difficult Here too the hyperplastic and carcinomatous 
conditions are unmistakeably correlated. It is matter of experi- 
ence, e.g. that those circumscribed hypertrophies of the skin which 
we call warts and papillomata, are capable of passing into epi- 
thelial cancer. The transition, as regards its purely anatomical 
features, takes place as follows : — The hypertrophy of the papillas 
occasions a more or less considerable dislocation of the plane 
along which the epithelium and the connective tissue are in 
contact The steep sides of the overgrown or newly-formed 
papillae bound deep fissure-like depressions. Accordingly the 
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epidielial coat of the papill® is at the same tiine the epi- 
thelial lining of the interpapillaiy fissures ; and so long as thi» 
condition is maintained in statu quo hj an adequate shedding 
of the older epithelial cells, the growth preserves its hjrperplastie 
character. The longer the papillae become, however, more 
especially if they break np into dendritic vegetations, the greater 
mnst obviously be the impediment to the adequate removal of 
the older ceW The lateral pressure exerted by the apices of the 
papillae,/ whose terminal ramifications spread out widely, while 
they rest upon a very narrow base, shuts in the interpapillaiy 
fissures from above and consequently determines a gradual and 
progressive accumulation of epithelial elements in their interior* 
In the deeper parts of the tumour, tlie epithelium soon ceases te 
be a mere lining ; it forms a solid mass which fills the inter- 
papillajy fissures. In this capacity it now begins to burrow at 
various points into the underlying connective tissue. Elongated 
cylinders of epithelial cells make their appearance ; at first, they 
simply project into the cutis from the under surface of the 
epidermis; subsequentiy penetrating more and more deeply 
into it The carcinomatous condition is thereby definitely estab- 
lished. It were indeed impossible to overlook the resemblance 
between these tap-shaped epithelial ingrowths, and those which 
take part in the development of glands ; moreover, as has been 
already stated, the constituent cells are seen to undergo active 
fission ; nevertheless, I shall continue to maintain, until the con- 
trary has been proved, that their growth, like that of normal 
epithelia, is primarily due to a peripheral apposition of young^ 
cells ; and this hypothesis seems to me quite as plausible as that 
of the enlargement of retention-cysts by secretion from their 
walls. The fissiparous multiplication which takes place in the 
interior of the epithelial sprouts is indicative of a secondary 
growth ; it may even contribute most to their increase in thick- 
ness; but it has no share in their elongation, in that inward 
growth of the sprouts, to which the destruction of the affected 
organs is actuaUy due. This subject will be more fully treated 
in the sections devoted to squamous epithelioma ; the object of 
these preliminary remarks being to direct attention to tiie fact 
that the laws of normal growth retain their force even in these 
most extreme and perilous departures firom the normal type. 
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I. Glandular Carcinomata, 



§ 149. Is there any such thing as an undoubted true hyper- 
trophj of glands? If our definition of f^ true glandular hyper- 
trophy'* involves — Ist, an absolute agreement with normal glands 
in structure and composition ; 2nd| a proportionate increase in 
functional activity — then indeed the term would have to be oaa- 
fined to the hypertrophy which the mammary gland undergoes 
during lactation^ and to those uniform enlargements of one 
kidney, or of single lobes of the liver, which have long been 
known as ^^compensatory hypertrophies,'' inasmuch as they 
usually follow obliteration of the other kidney, or of the remainder 
of the hepatic parenchyma. In such cases the tubuli uriniferi 
are elongated, the number of hepatic cells in each acinus is 
increased, and the capillary network undergoes a corresponding 
extension; so that it is only with the naked eye that we can 
estimate the increased bulk of the renal fasciculi or of the 
hepatic lobules, the microscope serving merely to establish their 
perfect conformity to the normal type. As regards the hyper- 
trophy of the mammary gland in lactation, I must refer the reader 
to the appropriate sections of the Special Part of the present work. 

§ 150. All other forms of so-caUed glandular hypertrophy 
diverge in some way or other from the normal standard. First, 
we have a group of cases, with regard to which we are never 
sure what proportion of the total enlargement should be ascribed 
to morbid overgrowth of the gland-tubuli, and what to their 
coincident dilatation. To this group belongs the hypertrophy of 
the mucous follicles in catarrh of the stomach and large intes- 
tine, of the trachea and bronchi. The proliferation of the sub- 
epithelial layer of connective tissue which invariably accompanies 
eveiy catarrhal inflammation of a mucous membrane leads to 
compression and closure of the ducts which penetrate it, and so 
hinders the free discharge of the secretions ; a certain degree of 
dilatation of the follicles, due to retention of secreted matters, 
thus contributing to the gross result. As compared with this, 
the independent growth of the glands, ue. the growth due to 
fission of their epithelial elements, plays a more or less subordi- 
nate part. It may confine itself to furnishing the necessary 
epithelial lining for the gland as it gradually degenerates into 
a mucous cyst. Cases of this sort are analogous to atheromata 
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of the sebaceous glands, in which we undoubtedly have more 
epithelium than is strictly required to line the cavity of a s^m- 
ceous follidei but never — ^unless the atheromatous cyst has 
become an epithelial cancer — any centrifugal budding forth firozn 
the epitheliid layer. 

§ 151. Connected with the above are cases in which an in- 
dependent outgrowth of the secreting parenchyma undoubtedly 
takes place, but in which we may reasonably hesitate before we 
regard the newly-formed tubuli as true, ue. as functionally 
capable portions of the gland. Both the sebaceous and the 
sudoriparous glands may undergo a monstrous excess of develop- 
ment in circumscribed portions of the skin, and (especially the 
former) form fungous tumours of great size, without any increase 
in the amount of secretion being observable on the surface. In 
the hypertrophy of the sebaceous glands moreover there is a 
marked deviation from the normal plan of structure, viz. a 
thickening of the connective tissue of the foUicular sacs. A 
farther extension of this peculiarity leads to subepithelial sar- 
coma of the glands, e.ff, of the female breast, a form of disease 
to which Billroth has on this account applied the name of ade- 
noid sarcoma. 

§ 152. With the complete emancipation from the physiolo- 
gical purpose of gland-growth begins the domain of those 
tumours which I call adenomata. Apart from its stroma, the 
adenoma consists of epithelial cells, whose arrangement at once 
recalls the epithelial lining of the tubular or acinobs glands. 
The cells are, for the most part, grouped round a central axis, as 
though they really included a tubular lumen; but ihe lumen 
itself is either wholly wanting, or present only in an interrupted 
form, plugged with mucous or colloid matter, and most assuredly 
shutoiFfrom firee communication with the efferent duct of the gland. 
It would seem as though Nature had concerned herself mainly 
with an unlimited production of new glandular tubuli, without 
much caring what became of them. She seems to forget that a 
proportionate development of blood-vessels and connective tissue 
is indispensable for the due perfection of a glandular parenchyma ; 
and so, as the process continues, a tumour extraordinarily rich 
in cells is formed, too scantily provided however with vascular 
connective tissue to enable its nutrition to be adequately 
carried on throughout its entire substance, and which therefore 
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evolyes wiihin itself the causes of its own ultimate destruc- 
tion. 

We are at present acquainted with adenomata of the liver, 
mammary gland, sebaceous glands (Lupus), and the mucous 
follicles of the rectum. It is only in the last-named case that 
we find it hard to separate adenoma from columnar epithelioma 
(Cylinderepithelialkrebs). (See below.) As for the rest, we 
find practical means of distinguishing them fix>m cancer, partly 
in the manner of their development, partly in their clinical 
history. Adenoma forms globular, sharply-circumscribed nodules, 
which replace a comparatively small portion of the glanct from 
which they spring. Each single nodule increases by central 
proliferation ; it tends rather to push aside than to infiltrate the 
neighbouring parts. Adenoma of the liver actually surrounds 
itself with a capsule. Further, adenoma is to be regarded as a 
tolerably benign growth, which does not recur or give rise to 
secondary deposits, though our knowledge on this point is still 
in its infiuicy. 

§ 153. Glakbxtlab cancer, with its many varieties, consti- 
tutes the natural termination of the histogenetic series which we 
have been hitherto considering. If we imagine the independent 
growth of the glandular epithelia waxing more luxuriant and 
more general, the regular elaboration of the gland-tubuli being 
more and more neglected for the sake of a proportionately more 
rapid penetration of the interstitial and surrounding connective 
tisisne, we shall have a tolerably correct notion of glandular 
cancer. Its individual features however demand a more detailed 
examination. 

That the growth originates in the glandular epithelia has 
been recently established by numerous observations. The cells 
divide and multiply. The first result of their multiplication is 
an obliteration of the lumina of the respective tubes and acini, 
which are converted into solid groups of cells. These imme- 
diately proceed to put out buds in all directions, which bore their 
way into the neighbouring connective tissue. This is the common 
starting-point of the many varieties of glandular cancer, the 
more important of which will now be described seriatim. 

§ 154. Soft cancer (carcinoma meduUare, encephaloides — 
hitherto often confounded with the soft variety of alveolar sar- 
coma) produces cancer-cells in the greatest number, though not 
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always of the greatest size. Their rotmdf vesicular nuclei, fur- 
nished with distinct, lustrons nucleoli, prove that these cells aze 
truly descended from the mucous layer of the blastoderm ; they 
form elaborately twisted cylinders beset -with clavate ^pen- 
dages which are beat seen when the jnice squeezed &om the cut 
Bui^co of arecent apedmen (canoer-joice) is examined in serum 
(fig. 57). In these cylinders the boondary-lines between the 
in^ridnal elements cannot be detected. This is because the 



protoplasm of the cells is absolutely naked, so that their imme- 
diate juxtaposition produces the optical effect of continoify. It 
would seem as though the speedy onset of fatty metamorphosis 
hindered the farther evolution of the epithelial type, for we 
seldom come across a cell of large size whose protoplasm does 
not already contain one or two oil-globules. The greater the 
number of oil-globnles, the more distinctly can we trace the 
outlines of the cell, which are otherwise so difficult of demon- 
stration. The conversion of the cells into graniJe-corpuscles 
with &tty d^>rit appears to take place in the usual way. Neither 
microscopical nor chemical investigation has yet succeeded in 
showing the existence of any specific elements in ooncer-juice. 
The clear and colourless serum contains albuminates and albu- 
minoid matters in solution ; among these there may pcrliaps be 
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waaa fersMnUlike bodies, which an at premkt homnrer wholly 
nnknowiL 

$ 155. Od BXMniMing what is left after the oaocflr-jaice ha» 
eatmpedf oa eKpJonsg tJw epaoes in whidi the juice waa oon- 
tainad, we ue confroDted by the Becond elemoit in every can- 
oroaa formation, the caDeer-stroma (fig. &S). To demouBtratfi 
the afarona aa perfectly aa posaUile it is neoesaaty to cat fine 
sectieois from varions parts of the tomonr,' whi(^ mnst then he 
pencilled oat ; a framework of ctHmectire tiiB«e is Jhoa dia- 
pl^ed, whose tr»beoaUe enckwe oral spaces ; the abortest dia- 
nwteiB t£ these qxtoes being at least twice the breadth of th& 

Fig. 68. 



Stroma of soft glandular cancer pencilled out. a. Cylinders 
of cancer-cells seen in transTerse section ; b. Trabecnls of 
stroma ; a. A solitary spindle-cetl wluch stretcbes obliqnely 
bom one trabecDl& to anoiher, and serres, by depoBitioa of 
baaiB-inbataiice along its protoplaam, to give the impnlse 
tar the formation of a new tnbccnlai d. Bonnd-cella infil- 
tiated into the substance of the trabecule, -j^-a. 

stontest of the trabecnhe, and at least five times the breadth of 
those of medinm thicbnesB. This implies that neither the thick- 
ness of the trabecnlte nor the size of the meshes are the same in 
all canoeos, but that a certain ratio may be said to exist between 
the width of the trabecnhe and that of the meshes. This ratid 
is of Talne in distinguishing the individual varieties of cancer 
from one another. 
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As regards minute stmctorey the thicker trabecolse of the 
stroma usually consist of a striated connective tissue in which a 
large number of spindle-shaped cells are embedded. These tra- 
becules are not circular, but triangular, quadrangular, or poly- 
gonal in transverse section, the sides appearing concave, the 
angles pointed. The latter are occasionally produced into thin 
membranes, which stretch across the whole or a part of a mesh. 
The general impression left on the observer's mind is that of a 
progressive rarefaction of the stroma by the growing contents of 
the alveoli ; and this impression may be unconditionally accepted, 
at least as regards the earliest stages in the development of can- 
cer, when the growth is still confined within the lobules of the 
gland. At a later period, when the degenerated lobes and 
lobules have coalesced to form nodules of larger size, and these 
have already begun to penetrate by infiltration into the neigh- 
bouring tissues, a formation of new trabeculae takes place in the 
older parts of the tumour ; this begins by solitaiy spindle-shaped 
cells becoming obliquely stretched across the larger alveoli, where 
they serve as guiding or nuclear centres for the subsequent appo- 
sition of the basis-substance of connective tissue. 

The soft form of glandular cancer has hitherto been found in 
the salivary gland, the mammary gland, the testicle, ovary, pro- 
state, thyroid body, nasal mucous membrane, and liver. Li what 
measure, if at all, soft cancer of the stomach may originate in the 
follicular structures must remain for the present an open question. 

The soft glandular cancers are extremely malignant ; parti- 
cularly because they undermine the general nutrition of the 
organism more rapidly than any of the otiier forms, and so prove 
fatal by the cachexia to which they give rise. Metastatic deposits 
are only found as a rule in the corresponding lymphatic glands. 

§ 156. The telengiectatic carcinoma (a variety of the so- 
called fungus haematodes). Inasmuch as blood-vessels form an 
integral part of the stroma of every gland, and this stroma, as 
we have seen already, undergoes direct conversion into the 
stroma of the glandular cancer, it is easy to see that every such 
cancer must, at least in its earlier stages, contain blood-vessels. 
In a general way these vessels may be said to share the fate of 
the stroma, Le, they imdergo rarefaction so long as epithelial 
proliferation is in the ascendant, and when its products are 
softened and disintegrated by fatty metamorphosis, the vessels 
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may even t&ke on an exuberant derelopment Some cancers- 
there are howerer — and these may rightly be termed tolengiec- 
tatic — in which the development of vesseb predominates from 
the very first. In a cancer of the testicle whose growth wa& 
extremely rapid, I found the stroma wholly made up of vascular 
ramifications. Fig. 59 represents a fiitigment of this stroma. I 
regard the donhle contour which may everywhere be traced at a 
little distance firom the vessels, as the wall of a lymphatic 
sheath; such perivascular sheaths having been discovered by 
Luduyiff and Tomea oven in the normal testicle. Here too I had 



Stronut of arapidlj-growing cancer of the testicle. The section 

has been pencilled out, ■^. 

an admirable opportunity of studying the development of vessels 
from " c<£cal protrusions" as described by RohitaiuH; and I 
was enabled to assure myself that these protmaions were strictly 
equivalent to those coecal appendages of the vascular system with 
which we became acquainted in connexion with tertiary vas- 
cularisation (§ 71). The protrusions, which are undoubtedly 
coecal, grow towu^s each other and coalesce when they come 
into contact, forming a new capillary loop (fig. 60). 

All telen^ectatic cancers are clearly recognisable even by the 
unaided eye, owing to the fi^uency with which parenchymatous 
hsmorrhages occur in their interior. Haeroorrhagic foci, varying 
in size firom a pin's bead to a hen's egg, and even larger, foci 
in every stage of retrograde metamorphosis, blood-cysts and 
patches of pigment of all shapes and nzes, characterise the cut 
surface of this variety of fungus hsematodes. Aa regards malig- 
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mijy tiie telengiectatic form of glandular etcacet i^grees qhcoh* 
•ditionally with the soft variety. 

§ 157. Thb 8ABOOMATOT78 CABOXNOHA represents the second 
possible combination of cancer with sarooma (cf. sarcoma earei- 
nomatodes, § 125). If we imagine the epithelium of an open 
gland undergoing a degeneration precisely similar to that which 
^ives rise to the soft form of glandular cancer^ while the inter- 

FiG. 60. 







Stroma of a telenjffieGtatic canoer of the testiole^ consisting of 
wide capmaries with ocacal appendages. 3^. 

etitial oomiectivB tissue simultaneously undergoes a sazoomatous 
<legeneration, we get a compound tumour^ whose place we are at 
fir^ puzzled to define, uncertain whether to dasB it.with sarco- 
mata or cancers. I place it among the cancers, inaamnch aa the 
sarcomatous element is i^oBtricted to the primary growth ; when 
it recurs after extirpation, or forms metastatic deposits, it usually 
presents the uncomplicated foatures of soft glandular cancer. Ita 
4»ats of election are undoubtedly the testicle and the kidney* I 
venture to assert that most soft cancers of the testiolo hkim a 
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8avoomatotts stroma. Its trabecalaB are made tip of ihe charac- 
teristie spindle-shaped odls, and are often so thick, that if we 
purposely take our section from the denser parts of the tomonr, 
we may have to prosecute onr search through several times the 
diameter of the microscopic field, before we come upon a deposit 
of cancer-ceDs. 

As regards maKgnity, this tumour also takes its place with 
soft ghindnlar cancer. It is worth mentioning that it may grow 
to a colossal size. Kidneys have been met with weighing ten, 
and testicles weighing fourteen pounds. 

§ 158. Habd canckb (simple carcinoma, scirrhus, connective* 
tissue cancer) differs from the two foregoing varieties by struc- 
tural and evolutional peculiarities of such moment, that many of 
my fellow-workers will be most unwilling to admit it to a plabe 
among glandular cancers at all. As the epithet I have chosen 
indicates, it is essentially distinguished from tiiose morbid growths 
which are aldn to it by the greater firmness of its texture. 
He consistency of a cancer depends on the quantitative ratio 
between the cellular infiltration on the one hand, and the stroma 
on the other. Hard cancer owes its greater density to the tra- 
beculae of its stroma being thicker, and the interstices for the 
cancer-juice smaller, than they are in the soft form of glandular 
cancer. And yet its hardness varies within certain limits ; its 
degree being regulated partiy by its age and the period of its 
development, partly by local idiosyncracies. Some hard glandular 
cancers are of such density throughout that great violence is 
required to tear them; they creak under the scalpel (durities 
ebumea; scirrhus). These cancers are white and glistening; 
the microscope shows them to be made up of a dense, finely- 
fibrous connective tissue, which contains the nests of cancer- 
cells in a comparatively small number of fissures and alveoli. 

More commonly we find softer and harder portions included 
in the same tumour, and that in a certain definite order ; a hard, 
central nudeos being enveloped by a peripheral zone of rela- 
tively softer — sometimes positively soft;— consistency. Examina- 
tion with the unaided eye alone is enough to make us suspect 
some connexion between this arrangement and the relative age 
of the central and peripheral parts. The outermost layer of the 
tumour (which always occurs in an exquisitely nodular form) 
consists of a zone of extremely minute, reddish-grey fbd, which 
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are embedded in the healthy parenchyma. Next to these come 
similar foci of progressively increasing size, which ultimately 
coalesce to form that part of tlie growth which protrades like a 
circular rampart on the sur&ce of section when the tumour is 
cnt across. Farther inwards oortain white lines, corresponding 
to the larger trabecols of the cancer-stroma, grow more dis- 
tinct ; the reddish-grey infiltration fades, or is repUced by a 
yellow marbling, due to the conver^on of the cancer-cells into 
grannle-oorpuBcles (Carcinoma reticulatnm of MuUer). The 
vessels too of the stroma, which were hardly to be seen in the 
enturcling rampart itself, become much more distinct, mingling 
red lines and dots with the whits trabecuhe of the stroma, and 
the yellow points of &tty change. Still nearer to the centre 
these appearances also fade, leaving a white and lustrooa hard 
cicatricial tissue, which sends radiating prolongations from the 
centre of the tumour towards its circumference. So that, even 
with the naked eye, we can distinguish four zones which corres- 
pond to a like number of stages ia the growth of the cancer ; a 
zone of development, a zone of acme, one of degeneration, and 
one of cicatrisation. 

Fio. 61. 



Carcinoma simplex mamoue. a. Development of ncate of 
oancer^jellsi 6. PnUy.deT8loped cancor-tisaue (cf. the 
next); c. Commencing cicatrisation; it also represeiUB the 
relation between stroma and cells in scirrhnsj d. Cancer- 
cicatrix. ^. 
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$ 159. The microsoope tlioroughly corroborates the evidenoe 
of the unaided eje. In fig. 61, the microscopic appearances 
presented by fine sections taken from each of the four zones of 
the tumour are shown. Fig. 61, a, is from the periphery of a 
minute nodide, situated in the zone of development ; the appear- 
anoes which it presents used to be interpreted as follows. It 
was supposed that each row of small round-cells were at once 
the brood of a single connective-tissue corpuscle which formerly 
occupied the same point, and the forerunners of a group of 
cancer-cells, such as might be observed in their immediate 
neighbourhood. This developmental nexus has now been broken 
through. The rows of round-cells are viewed as colourless 
corpuscles which have migrated from the blood-vessels; and 
great efforts are being made to prove that the nests of cancer- 
cells originate exclusively firom the pre-existing epithelia of the 
gland-substance. To my mind these efforts appear futile, so 
far as they are meant to show that all the cancer-cells are 
actually ^^ descendants " of the epithelial cells. On the other 
hand I am quite willing to admit that in the hard form of 
glandular cancer, as in the other varieties, the glandular epithelia 
undergo fissiparous multiplication, contributing thereby, though 
only to a moderate extent, towards the enlargement of the acini 
or tubuli ; also, that the first nests of cancer-cells usually 
originate in immediate proximity to the glandular epithelia, thus 
giving no little colour to the assumption of an ^^ epithelial infec- 
tion " of the round-cells which are heaped up in the connective 
tissue. In my opinion, the development of bard glandular cancer 
occurs by a slow interstitial inflanmiation, whose cellular pro- 
ducts are converted into epithelial elements instead of pus or con- 
nective tissue. The active participation of the glandular epithelia 
must be regarded as the primary cause of this inflammation, and 
as Ihe exciting cause of the peculiar line taken by the products 
of inflammation in their development Hence the glandular 
epithelium is and must remain the essential cause of the morbid 
action, even though its co-operation happen to be quantitatively 
insignificant The precise way in which an epithelial direction 
is given to the development of the infiltrated products of inflam- 
mation must for the present be left undecided ; although, as lias 
been already hinted, there are many reasons for assuming that 
young epithelial cells penetrate one by one into the interstices 

13 
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of the adjoining connective tissae, where they infect by contact 
the indifferent cells which these interstices contain. We are to 
some extent reminded of the way in which the tegumentaiy 
layers of epithelium grow ; save that in them the migratory 
corpuscles of the connectire tissue pass over entirely to the side 
of the epithelium^ the boundary line between the epithelium and 
the connective tissue being thus preserved ; while in the present 
case, the migratory cells are infected while yet embedded in the 
connective tissue, thereby causing the penetration of the epi* 
thelium into the extra-epithelial tissues. 

S 160. Fig. 61, by represents the stage of acme. The pro- 
liferated cells demand more space ; hence the fibres of the con* 
nective tissue are dissociated, and go ,to form the large and small 
trabeculfio of a tough stroma ; upon and within them ramify the 
blood-vessels of the cancer, whose calibre and fullness determine 
the intensity of the red element in the hue of the tumour. That 
it is fatty degeneration by which the cancer-cells are afiected and 
to which they finally succumb, is clear enough from the mere 
examination of the juice scraped from a cancerous tumour. In 
this, all stages of the degenerative process are exhibited side 
by side (§ 26), from the appearance of the first oil-globule in the 
protoplasm, to the complete disintegration of the cell. What 
appear to the naked eye as yellow streaks and dots (carcinoma 
reticulatum of Muller) are found under the microscope to consist 
mainly of granule-cells. In transverse sections, the thickening 
of the trabeculas (of the stroma) which is associated with the 
diminution in number of tlie cells, attracts our chief attention. 
Fig. 61, (?, represents a iype of structure which is permanently 
characteristic of the so-called scirrhus, but which is met with in 
every simple cancer as a transitory phase. The trabeculte are 
extraordinarily thick; they consist of a connective tissue with 
short fibres, and provided with spindle-shaped cells. After the 
total disintegration and removal of the infiltrated cells, this con- 
nective tissue has the field to itself. In the cancer-cicatrix, the 
oldest part of the tumour, we see bands of fibres crossing and 
inter-penetrating each other in every possible direction ; here and 
there a residue of fatty dSbris indicates the former position of a 
group of cancer-cells; in other respects, the cancer-cicatrix 
exhibits no peculiarity which might sen^e to distinguish it from 
any other sort of cicatricial tissue (fig. 61, c2). 
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The formation of a oioatrix brings the local history of the 
cancerous tumour to a close; the same termination, when it 
occurs at the close of a formative inflammation, is known under 
the name of repair ; jet we should not be justified in saying 
tluit the cancer underwent ^^ repair" by cicatrisation; for 
while the reparative process is going on at its centre, new 
portions of ^e affected gland are being continually drawn 
into the vortex of destructive change at the periphery of the 
growth; so that the cicatrisation always lags far behind the 
infiltration. 

§ 161, Hard glandular cancer occurs most frequently in the 
female breast, where it presents several varieties ; next in order 
of firequency come the glandular layer of the stomach, the Yiver 
and other open glands. 

As regards the time at which metastatic deposits begin to 
appear, nothing is known for certain ; as a rule, they occur 
within a year. Cases are on record of the radical extirpation of 
hard glandular cancer, not followed by any local return of the 
disease ; but such cases are among the rarest in surgery. 

§ 162. Colloid Cancer [carcinoma alveolare, gelatiniform 
cancer {GaUertkrdfs)] consists of a soft, tremulous and jelly-like, 
transparent mass of a bright honey-yellow colour. Essentially a 
variety of hard glandular cancer, it differs from this, its nearest 
relative, by the entrance of colloid degeneration into the course 
of its development. To this colloid degeneration are due the 
peculiar aspect, the structure and other vital peculiarities of the 
tumour. First then, as regards structure. The familiar term 
^^ alveolar cancer " indicates sufiSciently that it is the prototype 
of an alveolar texture. The stroma is a network with very 
regular, rounded meshes; and if we inquire into the cause of 
this striking regularity, we find it in the circumstance that every 
portion of colloid matter swells, tending, like fluid collected in 
a limited space, to assume a spherical form ; so that any paren- 
chyma which, like this form of cancer, is studded throughout 
with little portions of colloid matter, must eo ipso assume the form 
of a stroma with spherical meshes. 

Having reached a certain size, the colloid spheres by their 
continued increase in volume, compress the intermediate septa 
and cause them to waste; two or more spheres coalesce and 
occupy a space whose original form is slowly obliterated by a 
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gradual levelling of the septa which interaect it, tending to 
make it aasome a spherical shape ; so that ultimatdly a single 
large, but still globular alveolus is produced. A fine Bection 
(fig. 62) shows the entire substance of the tumour to be made 
up of a number of circular areas, Bome small, some large, corres- 
ponding to the colloid spheres, which are kept apart by septa of 
connective tissue. 

How the colloid matter originates, is a far more difficult ques- 
tion. That it is partly due to retrograde metamorphosis of the 
cancer-cells, may for the present remain undisputed, since every 
one of the smaller alveoli is found to contain a group of epithe- 
lioid elements, which are no longer to be seen in tliose of larger 

Fra.62. 
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size, while there is nothing in their place beyond colloid matter ; 
also, because the colloid metamorphosis described in § 44 may 
actually be seen to take place in some of the individual cells. 
But I cannot admit that all the coUoid matter present has been 
generated in this way. 

If we look impartially at the very eharacteristio appearances 
presented by colloid cancer (6g. 62) we notice that the groups of 
oanoer-cells contained in the alveoli, are first of all in contact willi 
the alveolar walls; (hat they are subsequently separated from 
these walls by a progressively increasing number of layers of 
ooUoid matter ; and this without their number undergoing either 
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increase or diminution ; we notice that they finallj become dis- 
solved and disappear after dozens of colloid layers have already 
aocmnnlated ; and a spontaneous conviction arises in our minds, 
that the major part of this colloid matter has been secreted at the 
junction of the connective tissue with the epithelium, without the 
fully-formed epithelial cells taking any active part worth men- 
tioning in the process. The hypothesis of a direct transudation 
from tibie blood cannot be entertained for a moment, the endos- 
motic equivalent of colloid matter being almost nil. On the 
other hand I am inclined to adopt the view put forth by 
Doutrelepont (LangenbeeVs Archiv, sent in for publication in 
April 1870), who believes the colloid substance to be a product 
of the metamorphosis of the material which serves for the con- 
struction of epithelial cells, an albuminous compound of some 
kind, which would, in other forms of cancer, be employed in 
increasing the number of the cells. We cannot but think in this 
connexion of Arnolds theory of the origin of epithelial cells 
from amorphous matter ; the accumulation of colloid, supposing 
AmoUCs view to be correct, admitting of being naturally ex- 
plained as an accumulation and subsequent transformation of this 
amorphous plasma. The concentric lamination of the colloid 
matter points to a certain periodiciiy in the rate of its secretion, 
while the fatfy and granular d&ris marking out the limits of 
each layer, will have to be regarded as a bye-product of its 
manu&cture. 

§ 163. It is certain that vessels ramify upon the septa and 
trabeculse of the stroma in colloid cancer ; but these vessels are 
neither numerous nor large, and contribute but little, even 
when fully injected, to colour the mass of the tumour, so that 
colloid cancer always gives one the impression of being very 
scantily supplied with blood. As regards the course of the 
disease, and the dangers to which the patient is liable, this cir- 
cumstance is important, inasmuch as bleeding from the surface 
of a colloid cancer when broken-up and ulcerating is neither 
frequent nor abundant 

As regards malignity, colloid cancer occupies a somewhat 
peculiar position. It has an extraordinary power of infection 
per eontiguunu The infiltration of the connective tissue which 
goes on at its circumference oflen assumes proportions which are 
actually colossal. On the other hand, metastases to more remote 
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parts are rare, as also are deposits in the neighbouring lymphatic 
glands, which for the most part remain unaffected. 

Localities : stomach, large intestine, liver, ovaxy, mammaiy 
gland. 

IL Epithelial Carcinomata. 

■ 

§ 164. Were we to take into account every variation in con- 
sistency, colour and texture, we should find it difficult to get any 
two specimens of epithelial cancer, taken from different parts of 
the cutaneous and mucous systems, which could be viewed as 
growths of an absolutely identical character; so great is the 
influence of the parent-soil, especially in the case of epithelial 
cancer. We must content ourselves for the present with establish- 
ing two main categories, corresponding to the two leading forms 
of epithelium, the squamous epithelioma and the columnar epiike^ 
liomcu The former occurs chiefly, but not exclusively, on sur- 
faces clothed with flattened epithelium, the latter on such as are 
lined with the columnar variefy ; yet squamous epithelioma is 
not excluded from mucous membranes clothed with columnar 
epithelium, e,ff. the gastric mucous membrane. 

§ 165. Squamous EpiTHELioifA (epithelioma, epidermic can- 
cer, cancroid) forms a white, dense mass of somewhat dry 
quality, which presents on section either an aspect entirely homo- 
geneous, or affords at most but vague indications of its finer 
structure. To the finger it imparts a marked sense of resistance, 
which however is dull and inelastic ; on squeezing it forcibly 
from the side, contorted threads of a milk-white colour protrude 
from its surface ; these have been very aptly compared to the 
so-called ^^ comedones " which may be squeezed from the seba- 
ceous glands upon the nose. These threads readily break up in 
water ; a cellular emulsion being formed resembling the milky 
juice of cancer; but the suspended cells are all true speci- 
mens of squamous epithelium, indistinguishable from those 
which line the oral cavity. Certain peculiarities of a minor sort 
in the form of the individual cells will be more properly discussed 
when we come to consider the appearances seen in tranverse 
sections. The nuclei are always of large size, ovoid, double- 
contoured and furnished with one or more large and lustrous 
nucleoli. 
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§ 166. Epitbeltomata of the Bkin and mucous njembnties, 
save when they originate in warts or cauliflower exoresceooee, 
(g 148) always begin as flattened and indurated elevations of the 
surface. They extend progressively both in depth and in super- 
ficial area. Should the growth have reached a certain maximnm 
of development at its place of origin, it breaks open at this poinL 
The sur&ce, aonlewhat tnberculated from the first, grows rough ; 
erosiona, fissures, and holes appear in great numbers, and exude a 
white, inodorous, pulpy fluid, mixed with pus. Hie tumour 



Section through the growiug edge of an epithelial cancer of the 
akin. a. The fuUy-ileveloped groirth ; cylinders of epi- 
thelial cells containing pearly nodnles (concentric globen), 
seen in lonfptndinal section ; b. An enlarged Bebaceons 
gland ; e. Commencing elongation of peg-shaped protra- 
sioas of the epidermis in an inward direction, yig. 

next falls in at its centre ; a hollow is produced, which is hence- 
forth masked, either by the dried secretions, or, when these are 
removed, by the sloughy shreds of the original tissue. In this 
phase of its development, therefore, tho epithelioma presents the 
appearance of an ulcer with a hard base, and hard, raised edges. 
At the periphery of the ulcer, we note tlie constant advance of 
the infiltration into neighbouring parts ; in its indurated border, 
we can study the characters of its maturity ; while towards its 
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centre, we mark the disintegration of the morbid growth, and 
the phenomena of repair, which are occasionally very distinct 

In considering the development of this variety of cancer, it 
is convenient to distinguish between its first beginnings and its 
subsequent extension. Thin vertical sections through the raised 
border of an epithelioma of the skin, are best adapted for the 
more accurate determination of its point of origin (fig. 63.) Pro- 
ceeding from without inwards in our examination of this section^ 
from c to a, the first indication we have of the beginnings of the 
morbid growth, is a sti'iking enlargement of the sebaceous glands 
(c). These increase in length and breadth; their csecal ends 
becoming irregularly nodulated and clubbed. At the very edge 
of the tumour (b) we have a colossal example of this change ; 
and a dispassionate investigation leads us to conclude that the 
tubuli of the swollen gland differ in no respect from the adjoin- 
ing protrusions of the cancroid growth (a). This resemblance is 
especially due to the fact that during the elongation and thicken* 
ing of the fundus of the gland, its character as a secreting organ 
is wholly lost; we miss the central cavity and the oil-globules; we 
can see nothing but closely aggregated epithelial cells, and these 
of such dimensions as far exceed the normal standard of the 
sebaceous epithelia. 

These considerations make it credible that epithelioma of the 
skin may originate in the sebaceous glands ; but on the other 
hand, we must not forget that this ^^ origin from sebaceous 
glands" must be regarded as only a part of the entire phe- 
nomenon, which consists in a thorough dislocation of the boundary^ 
line (Grenzverriickung) between epithelium and connective tissue. 
On the one hand, we owe to Thiersch^ the account of an epithe- 
lioma which sprang demonstrably from the sudoriparous glands ; 
on the other, we may see in any and every epithelioma, tliat it is 
not the glands alone which take part in the formation of the 
cancroid protrusions. Club-shaped processes of epithelium burrow 
into the underlying tissues from the deepest points of the epithe- 
lial stratum, from those convexities of the rete Malpighii which 
lie in the inter-papillary furrows ; and it is tliis phenom^ion^ 
to which the elongation of tlic existing epithelial protrusions 
(t.e. the glands) is quite subordinate, which stamps a common 

* Tliiersck, Der Epithtlialkrebs. Leipzig, Engelmann* 1865. 
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character on every variety of primary epitheliomatous growth.* 
It is not therefore as glands, but as appendages of the epidermis, 
that the sebaceous and sudoriparous foUides take part in the 
proliferation. They lose their glandular character and are con- 
verted into what iliey originally were, solid aggregates of cells, 
forming peg-shaped appendages of the under surface of the 
epidermis. 

§ 167. Opinions differ concerning the way in which the epi- 
thelial sprouts grow and penetrate into the sub-epidermic layer of 
connective tissue. According to Thierachj BiUroth and others, 
the sprouts grow exclusively by proliferation of their epithelial 
elements ; Koster holds that their increase is additive, and due to 
a corresponding metamorphosis of the endothelial cells of the 
lymphatics, in whose interior the sprouts exclusively extend. 
For my own part, I cannot overlook the very striking fact, that 
active fission of cells and nuclei may be seen to take place in the 
sprouts themselves ; neither can I ignore the eloquent appearances 
exhibited by sections taken from the raised border of certain flat 
epitheliomata in a direction parallel to their surface, as Kbster 
recommends. 

Fig. 64 exhibits the superficial lymphatic network of the 
cutis in its highly characteristic configuration, but with its 
interior occupied by cylindrical masses of epithelial cells. The 
lymphatics in this specimen are undoubtedly the channels along 
which the epithelial sprouts advance. It must not be inferred 
from this, that they perform a like office in the case of all 
cancers; indeed we may find it necessairy to admit that the 
interesting appearances discovered by Koster are only the micro- 
scopical expression of a fact already known, 8C. that cancers and 
sarcomata of glandular organs (e,g. of the kidney, the testicle, 
the lymphatic glands) are especially prone to penetrate into the 
interior of the blood-vessels and lymphatics, in which tliey sub- 
sequently extend. Whatever be our conclusion, the observation 

* From an examination of epitheliomata of the digestive tract, I have 
come to the conclasion, that the tubular glands of the mucous mem* 
brane, lined with colunmar epithelium, play the same part as the seba- 
ccooB glands of the skin. They extend inwards, and change their 
character, losing their central cavity, and forming solid aggregates of 
cells ; these aggregates consisting first of indifferent elements, snbse* 
quently of true squamous epithelia. 
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itfldf is s reliable one, and sbedfi mnch )i^t on Uie way in vfaidi 
certain luDds of cancer penotrate into and extend throogfa the 
parenchyma of organs. With tbb part of KasUr't tbeoij, the in- 
dependent growth of the epithelial spronts asserted to take i^ace 
by Thiertch may veiy well be recoDCiled. It is only the addi- 
tive growth by metamor[^osi8 of the lymphatic endothdia, 
which is radically incompatible with Tkieraeh'a views. I have 
always warned my hearers against the danger of adopting a 



HorizonUl section tbroagh the proUrerating sone of an epi> 
thelial cancer of the ekiii. Extension of th« epithelial pro- 
tnuiona along the interior gf the lymphatic vessds. Alter 

one-sided conclusion on this matter, and I do not even now see 
any reason for deserting the via media which I have hitherto 
followed. In epithelium (as e.ff. also in cartilage) I distinguish 
between a primary and a secondary mode of growtli ; the former 
consisting in the addition of young and small cells at the junc- 
tion of the epithelium with the connective tissue, the latter in an 
enlargement and proliferation of the cells in the middle of the 
epithelial layer. To the former of those two factors is due the 
growth In length and breadth, to the latter the sudden condensa- 
tion of tlio young stratum which is &miliar to every microscopist 
(Cf. the skinning over of raw surfaces, fig. 39). The pheno- 
mena are the same in disease. The actual extension of the epi- 
thelial sprouts isdue to the apposition ofmobile cells derived from 
the nutrient apparatus (according to Koater of proliferated 
endothclia) to thoir most advanced points. Their subsequent 



EPITHELIiX CABCINOIUTA. 203 

condflosatioi) and conrerBlon into tongb, peg-sliaped prooessefi of 
cpitholinm, is in great meaeore a rcsalt of cell-proliferBtion in 
tlio axis of the sprouts themselres. 

§ 168. Passing on to consider the structure of the tumour, 
(fig. 63a) we see at a glance that it is chiefly made up of the epi- 
thelial cylinders already alluded to as "peg-shaped protrusions." 
The average diameter of these cylinders is one-seventh of a line ; 
their length is usnalJy very considerable, though it is not often 



Section of an epitlieliol cylinder under a magnirjing power 
of 500 diametors. a. The cylinder itself, cxhibitiag the 

characteristio stratification of its cells, sad two pearljr 
nodulea, one of which ia older than the other ; b. The 
HtromB ; at c it containB a very large proportion of corptts- 
cnlar elements and contribntea directly to the additive 
enlargement of the cylinder. 

that we have an opportunity of seeing tlia whole of any one 
uylinder. They bifurcate, sometimes repeatedly, forming por- 
fectly dendritic structures. The arrangement of the epithelial 
cells, as seen in transverse sections, is highly characteristic. At 
the junction of the epithelium with the connective tissue, at the 
periphery therefore of the protrusions, a layer of small, roundly- 
oval elements, often of a brownish tint, is found ; this inter- 
venes Iwtween the connective tissue on the outside, and the more 
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highly-developed squamous elements interiorly (just as in the 
healthy cutis). These small cells fill up all crevices ; everything 
is continuous, there are no breaks. And a tendency to concen- 
tric lamination prevails throughout. 

We may fairly assume that inasmuch as the infiltrated 
parenchyma is not capable of being stretched beyond a certain 
point, the peg-shaped protrusions cannot attain more than a cer- 
tain definite thickness. Now supposing that new cells continue 
to be formed it is clear that the available space must sooner 
or later be exhausted ; pressure must arise in the interior of the 
tumour, which will be exerted both on the processes themselves 
and on the connective tissue of the intervening stroma. I 
regard this " compression due to growth " as a very important 
element in the life-history of all infiltrative growths ; for, in so far 
as it compresses the interstitial vessels, it must hinder the circu- 
lation of the blood, disturb the nutrition of the parts, and thus, 
as a rule, be the prime cause of degenerative changes. This 
part of its action is the same in epithelioma as in other tumours ; 
I am inclined moreover to assign it a share in the tendency 
towards lamination alluded to above, a tendency shown by the 
cells in the interior of the epithelial protrusions, and which 
culminates in the formation of the so-called ^^ pearly globes or 
nodules." 

The pearly globes are produced as follows (fig. 63) : at 
intervals in the axis of the epithelial protrusions, one or two 
cells which retain their spherical form, serve as a nucleus 
to which the adjacent elements are applied like the con- 
centric scales of a bulb ; these elements being flattened out, ao 
as to yield the optical efiect of fine dark lines when seen edge- 
ways, just as in the hairs and nails. Large numbers of cells 
are thus squeezed into a small, globular space ; the entire mass 
presenting a homogeneous, intensely yellow and lustrous aspect^ 
which recalls the colour of hair. The individual nodules may 
grow to a considerable size ; and we shall find in what is known 
as "pearly cancer" {see cysts of nervous organs, brain) a form 
of epithelioma in wliich the entire tumour is ultimately converted 
into an aggregate of pearly nodules. 

The cells of epithelioma are also liable to another interesting 
change, which is not, however, common j they may become 
grooved. This term is applied to cells whose siuiaco is beset 
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with a large number of parallel ridges, only visible under high 
powers ; these ridges being suturallj adapted to the oorrespond- 
ing grooves or ftirrows of adjacent cells, thereby causing an 
exceedingly firm union of the cells among themselves. 

§ 169. The second constant element in the structure of 
epitheliomata is a stroma made up of connective tissue. Inas- 
much as the bodies with which it shares the space assigned 
to the entire tumour are of a cylindrical form, it must needs 
constitute a honeycomb-like framework, the open ends of the 
ceUs being directed outwards. The stroma consists at first of 
the parenchyma of the cutis or mucous membrane dislocated and 
frayed out. We learned on a former occasion (§ 83) to regard 
the epithelium, apart from its first differentiation in the embryo, 
as in every case a product of the connective tissue ; hence we 
may take it for granted that the stroma plays a very active part 
in epitheliomatous growth. We actually find, especially at those 
points where the growth of the epithelial protrusions is most 
active, that their apices are tipped with a luxuriant proliferation of 
cells (c) ; the stroma is richly provided throughout with young 
elements; moreover it is prone to take on an independent 
activity, which usually leads to the development of papillary 
excrescences. 

The stroma carries the vessels of the tumour ; they share its 
fate in all respects ; when the stroma wastes, they are obliterated ; 
when it developes a productive activity, they dilate (see below). 
Fig. 63 shows a successftd injection of the vessels, executed 
according to the directions given by Thiersch. 

§ 170. We come now to the degeneration of epithelial can- 
cer. Its conditions are involved in the growth of the tumour 
itself: Attention has already been caUed to the possibility of 
the ^^ pressure due to growth " interfering with the circulation, 
and so disturbing nutrition in larger or smaller sections of the 
iambur. These disturbances are first felt as a rule in such points 
of the tumour as are already subjected to unfavourable nutritive 
conditions. Such points are the centres of the epithelial protru- 
sions. The thicker the protrusions, the farther their axial cells 
are firom the soil which gave them birth and which should 
nourish them. The circumstance that these are the first-formed 
and consequently the oldest cells operates in the same direction ; 
so that we usually find the phenomena of retrograde meta- 
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morphoftu beginning in the axiB of the protraaionB. The 
phenomena in qaesUon consist mainly in fiittj degeneradon 
of the epithelial celb, leading to the formation of a number of 
atheromatous absoesaes. These are original! v distinct, but they 
gradually coalesce to form a single cavity extending through the 
entire length of the protrusion. Such caTities may be recognised 
on the surface of the epithelioma even with the naked eye as 
yellowish-white, comedo-like points. They ultimately burst; 
the excavated protrusions open up and discharge their contents 
on the surface. The tumour thereupon collapses, and the ulcera- 
tion, the discharge of pus and atheromatous pulp, to which allu- 
sion has been already made, begins. 

Epithelioma does not belong to the most malignant group of 
morbid growths. At least cases of radical extirpation (t.^. witli 
no attempt to spare surrounding parts) not followed by any 
return of the disease, have been vouched for by responsible 
observers. Sach cases, indeed, are by no means conunon. 
Within a year firom the operation, the cicatrix generally be- 
comes the seat of a new growth of analogous character. On the 
other hand, metastasis proper is comparatively rare. The nearest 
lymphatic glands are the first to be affected ; the internal organs 
not being involved until the primary mischief has attained 
dimensions so colossal, that the trifling metastatic lesions are 
unimportant in comparison. The metastasis is probably due in 
all cases to the immigration of young epithelial cells, which 
cause an ^^ epithelial infection " of the autochthonous elements of 
the conjoint vascular and connective-tissue system at the point 
where they settle. 

§ 171. Columnar Epithelioma. Until very lately, obser- 
vers could not agree whether to regard the crypts of Lieberkuhn 
in the digestive tract as genuine tabular glands, or merely 
as crypts, %.e. cascal inflexions of the surface solely designed to 
increase its superficial area. The difficulty was mainly histo- 
logical ; for it was shown that these so-called glands were lined 
throughout with columnar epithelium of exactly the same kind 
as that which clothed the free surface itself and its papills?. 
The results of pathological histology are not in any way adapted 
to allay the scruples thus aroused ; for the only affection firom which 
we might expect to gain some conclusive evidence on this sub- 
ject, $€, columnar epithelioma of the digestive tract, involves the 
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epitheliam of ihe-tBrypts and that of the papillsB in so uniform a 
manner, exhibits so constant a ratio between the elevations 
and depressions of the dermo-epithelial boundary-line, that it is 
absolutely impracticable to draw a hard and fast line between 
the two. Thi. explains how it is that the vor^ same morbid 
growth may, with equal fairness, be regarded as a destructive 
papilloma (l^drster)^ or a proliferating adenoma (^KlAs), 

To these two observers we owe what knowledge we possess 
concerning the finer details of the development of columnar 
epithelioma. The alteration invariably begins with a deepening 
of the glandular tubuli and an increase in the number of their 
terminal divisions. Here, however, it is iniportant to note that 
this phenomenon from the very first, I feel almost inclined to 
add, designedly, presents the character of an extension of super- 
ficial area ; for we never find $olid cellular protrusions like those 
in squamous epithelioma, but always protrusions of the existing 
cavity of the gland, which are lined with a single layer of 
columnar cells. The growth next proceeds to cause a positive 
extension of surface ; i.^. to produce papillary excrescences from 
the walls of the cavities. In this connexion, some statements 
made by Kld>8 are of great interest ; he says that acuminated 
and dub-shaped outgrowths, consisting at fii*st entirely of epithe- 
lial cells, rise from the fundus of the glandular tubuli (fig 6G). 
At a later period we find branching papilla?, which grow in all 
directions, and especially inwards, contributing thereby to tho 
destruction of the aifected parts. 

Pig. ee. 




From an adenoma of the digestive tract. Copied from Klehs. 
(Handbnch der Patholog. Anatomie, fig. 4.) 

The free surface of the mucous membrane has already begun 
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to take part in the prooegs by a more or less exaberant prolifera- 
tion of papillie. The free Burfaoe however ia to be regarded 
generally as a locus minorit rwttentia; aooordingly the tomoor 
as a whole projects above it, first as a flat and nDiform, later as 
a fungoid elevation. To enable ns justly to appreciate ita com- 
plicated structure, and more particularly to discriminate between 
the papillaiy outgrowths and the inter-foUiouIar septa, whiob are 
likewise coated with columnar epithelium, we most make use 
of specimens teased out with needles, or sections of a certain 
ihiokness j since, in very fine sections, there is no break in the 
continuity of the outline which passes from elevation to depres- 
sion and vice versd, witliout indicating the concavity or the 
convexity of the epithelial riclges (fig. 67). 



Vertical section throagh a columnar epithelioma of the 
stomach, itg. 

§ 172. I am aware tliat nearly all the mucous membranes, 
especially those of the larynx, uterus, bladder and others, have 
eaoli their peculiar form of epithelioma, which differs fi^m the 
chief types, from the squamous and columnar epitbeliomata, in the 
same degree as the transitional forms of epithelium with which 
these parts are clothed, differ from tlie simple squamous epithe- 
lium of tlie skin, or the simple columnar epithelium of the 
stomach and bowel. For a detailed account of these finer 
variations I refer the reader to tlie special division of this work. 
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Ctlindroma (Appendix). 

§ 173. The question concerning the essential character of a 
tamoor, termed by HerXe siphonoma, by Billroth cylindroma, by 
Meckel tubular enchondroma, by Friedreich tubular sarcomai 
by ForsUr and its most recent investigator Koster mucous 
cancroid, presents itself among all discussions concerning the 
fundamental nature of cancer and sarcoma, as an enigma of 
equal interest and difficulty which chance has thrown in the way, 
now of one, now of anotiier inquurer. The number of names 
which have been applied to this growth, show clearly enough 
that the different observers differ widely in their views concerning 
it. Are we justified in assuming that all the cases which have 
been examined are really identical ? In favour of this assump- 
tion we have the fact of their common situation in the region of 
the face, particularly in the orbit and surrounding parts ; while 
the circumstance that the earlier observers devoted their chief 
attention to the most singular and not to the most essential 
constituents of the growth, may go some way towards explaining 
and excusing their differences of opinion. 

Those singular constituents are certain ^'hyaline bodies" of 
considerable size, which may readily be isolated by teazing with 
needles. We are struck first of all with the strangeness of their 
outward form. Together with perfect spheres, wo find specimens 
of a more cylindrical shape ; others again which are club-shaped 
and cactiform. The hyaline chains often seem to diverge from 
a common centre. I cannot now review the manifold hypotheses 
oonoeming the mode of origin and farther development of these 
bodies, hypotheses in which the prevalent histogenetic theories 
are for the most part mirrored. I will only say that Billroth'^ a 
view, according to which they are perivascular sheaths of mucous 
tissue or fragments of such sheaths was the most generally adopted 
one, until Koster recently showed, from a very careful study of 
the development of the tumour as a whole, that the hyaline 
globes, cylinders, Ac, were the product of a secondarj', hyaline 
metamorphosis of the cellular trabeculaB of a cancroid growth of 
the lymphatic vessels. He believes that we have to do in all 
cases with a cancroid proliferation of cells taking place in the 
lymphatic networks of the affected part The endothelia of the 
lymphatics proliferate ; the canals are blocked by cellular cords 

14 
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reinlting from their proliferation; and the cords naturaDy ramify 
and anastomose witli one another like the lymphatics themselTes. 
Thereupon, the hyaline degeneration sets in, beginaing in tiie 
axis of the cords. It may even be demonstrated in indiridml 
cells ; at a later period, however, the prodncts of degeneration 
coalesce to form those larger globes and cylinders wlroee origiiul 
cellolar oomposition is at best but faintly indicated by tbe 
presence and stellate arrangement of a Hnely-granniar material 
coinciding with the intorcellnlar limits. The hyaline degenera- 
tion may implicate the whole of the epithelial coat, a hyaline 
cylinder of relatively largo size appearing to be embedded in tiie 
connective tissue of the stroma. 

The presence of blood-vessels in the axis of the hyaliue 
cylinders, which I have succeeded in 
demonstrating in a tomoor extending 
to the cerebral substance (Bg. 68), 
is explained by Koiier by the ^ell- 
known perivascular dispoution of tbe 
lymphatic sinuses. 

Cylindroma is veiy liable to recor 
after removal, bnt it seldom gives rise 
to metastatic deposits; accordingly it 
deserves a place near the carcinomata. 
To distinguish it from the glandular 
and epithelial forms of cancer, it mav 
be allowed to retain the name of can- 
croid, which used formerly to be ap- 
plied to all the varieties of epithelial cancer indiscriminately. 



SPECIAL PART. 



L-MORBID STATES OF THE BLOOD AND THE ORGANS 
CONCERNED IN ITS RENEWAL, PARTICULARLY 
THE SPLEEN AND LYMPHATIC GLANDS. 

a. Dtsorasls. 

§ 174. The blood plays such a weighty part in pathology that 
it seems necessary to explain why so little spaoe will be devoted 
to a consideration of its morbid states in the present manual. 

The position of the blood in the domain of pathology is 
determined by its physiological significance. The blood is the 
medium through which the interchange of matter in the organism 
(Stoffwechsel) is carried on. It is the nutrient fluid, which 
supplies each individual part of the body with the pabulum 
indispensable for its existence ; it removes die effete and hurtful 
products of the chemical processes associated with nutrition, and 
oarries them to the excretory organs for elimination. Viewed in 
this light, the blood is the meeting-place of divers chemical 
compounds, some of which have already taken part in tissue- 
metamorphosis, while others are about to take part in it; of 
compounds whose presence in the blood is in every case only 
temporary J and which thus give to the blood itself a certain 
variability of chemical composition, for which not the blood but 
the organs of the body are really answerable. 

Even if we view the blood as an organ, it is peculiarly liable 
to change in comparison with other organs. Our right to call 
the blood an organ cannot be disputed. For it has an independent 
origin firom embryonic tissue in the area vaaeulosaj apart from 
other organs; it possesses specific cells — ^the blood-corpuscles, 
which subserve a specific function — that of fixing the oxygen of 
the air. We must not allow ourselves to be led astray by the 
fact that the corpuscular elements are separated by a fluid inter- 
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cellular sabstance — that the blood itself is a fluid. Its stractaral 
elements are themselves of very unstable character. The blood 
is rightly held to be that tissue whose losses are soonest remedied, 
whose morphological and chemical constituents undergo on the 
whole the most rapid change. We must recollect moreover, 
that it does not elaborate its constituent elements within itself, 
but draws its supply of cells from the lymphatic glands, the 
spleen, and according to Bizzozeroy Neumann^ and others, from 
the marrow of bone, and its albumen from the alimentary canal. 
In this respect too therefore, certain determinate organs are 
responsible for the composition of the blood. Accordingly the 
blood is kept in its normal state by the systematic co-operation 
of several factors ; by the due admixtm*e and transformation of 
its histogenetic elements ; by the uniform and easy supply and 
removal of the more transitory nutrient and excrementitioos 
substances; finally by the rigid exclusion of abnormal or 
injurious matters from whatever source. Any irregularity in 
these conditions alters the composition of the blood, and gives 
rise to a dt/scrasia; and indeed, the vast majority of blood- 
diseases are nothing more than such morbid alterations of its 
composition. 

§ 175. But few of the manifold dyscrasise of the blood admit 
of being investigated anatomically; only those indeed which 
depend upon morbid changes in the visible elements which are 
suspended in the colourless liquor sanguinis. These elements are 
usually distinguished as : 

1. The red blood-corpuscles; flattened, biconcave discs, 
about four times as broad as they are thick, without nuclei, 
without a cell-membrane (?), made up of a colourless protoplasm 
(stroma), and a reddish-yellow fluid material (hssmato-crys- 
tallin).* 

2. The colourless blood-corpuscles or leucocytes, which are 
so rare in healthy human blood that for every 450 red cor- 
puscles we find ouJy one white one. These cells are destitute of 

* Besides the discoidal blood corpuscles we always find a certain 
number which have become spherical. These are characterised by their 
apparent smallness, and their darker, almost reddish-brown hue, 
peculiarities readily explained by supposing that the same quantity of 
matter which was previously spread out into a shallow disc, has shnm^ 
together to form a sphere. 
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a limitary membrane ; they are made up of a finely granular 
protoplasm containing distinct nuclear structures. We find 
either a single, round nucleus of considerable size, or from two 
to five smaller ones of lustrous aspect In form the white cor- 
puscles vary, inasmuch as they are endowed with a high degree 
of spontaneous contractility ; in dead blood, they are spherical. 
Accordingly they are cells, which resemble in every respect the 
corpuscular elements of embryonic tissue and of pus, from which 
indeed they can hardly be distinguished by any anatomical 
criteria. 

3. The elementary vesicles discovered by Zimmermanny cir- 
cular, colourless bodies with indistinct outlines, which owing to 
their small size and transparency are only to be detected under 
very high powers, but which are occasionally present in 
enormous numbers. 

1. Chlorosis. 

§ 176. The chlorotic dyscrasia is essentially characterised by 
a fidling-off in the number of aU the above-named structures. 
Of all alike, so that the proportion of the red to the colourless 
corpuscles is in no wise altered. The blood as a whole seems 
thinner and more clear — one might almost say more watery 
than usual; on evaporation, the percentage amount of solid 
residue is decidedly below the normal average ; all this however 
is due, not to any increase in the amount of water, but to a 
positive diminution in the number of cells. Where an organ 
depends for its colour on the blood it contains, as e»g. the mucous 
membranes (conjunctiva) and certain parts of the skin — ^we 
observe a peculiar paleness, which has caused the name of 
" green-sickness " to be given to the disease. 

The etiology of chlorosis is still involved in some doubt. So 
much is certain, that the chlorotic dyscrasia does not depend 
upon a premature destruction, upon an atrophy of blood-cor- 
puscles, but upon an inadequate supply of young and vigorous 
elements to take the place of those which have completed their 
term of existence, and are only fit to be cast out But beyond 
this, we cannot tell whether a fiinctional disturbance of the 
organs of sanguification (the spleen and lymphatic glands) or 
some disorder of the more remote factors in the process (e.y. 
chylification) b to blame. Virchcw^a view is deserving of 
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especial notice ; he finds that the aplastic state of the blood is 
associated with a certain aplastic condition of the circulatory 
apparatus as a whole, sc, the heart and arterial system (see 
below), so that chlorosis would have to be viewed as a con- 
genital, and not, as is generally held, an acquired disease. 

2. Leukhamicu 

§ 177. The leukhsemic dyscrasia depends upon an alteration 
in the numerical proportion of the white to the red blood- 
corpuscles. We have already given 1 to 450 as the average 
ratio of white to red corpuscles. A moderate increase in the 
number of the colourless cells is consistent with health and may 
be demonstrated e.ff. after eveiy full meal. But if the number 
of the white corpuscles undergoes so marked an increase in pro- 
|)ortion to that of the red ones, that we find e.^. one white to ten 
red elements, or even an equtd number of bo^, then indeed the 
condition becomes manifest even to the unaided eye as a 
decolorisation of the blood ; the blood assumes a paler, raspberry- 
like hue, and we are thus entitled to speak of ^^ white blood " or 
leukhsBmia. This most interesting morbid state was described 
in 1845 by Viixhow and BermeU simultaneously; the German 
pathologist however deserves the credit of having firom the first 
recognised and explained its real meaning. According to him, 
we have to do with an increased supply of colourless corpuscles 
to the blood, due to a morbid state of those very organs which 
normally supply the blood with its colourless elements, viz. the 
spleen and the lymphatic glands. 

§ 178. The SPLEEN has long been held to play an important 
part in the renewal of the blood; in our time it has been 
regarded, now as the grave of the red corpuscles, now as the 
birthplace of the white ones ; KoUiker has justly attributed both 
of these functions to it. The excess of colourless cells in the blood of 
the splenic vein is an indisputable fact ; they are firom five to ten 
times as numerous as in arterial blood. It is equally certain 
that the lymphatic glands, particularly those of the mesentery, 
are a source of white corpuscles. If we compare the lymph of 
the thoracic duct with that of the peripheral lymphatics before 
they enter the glands, we find that the former contains a &r 
larger proportion of lymph-corpuscles. The aflflux of leucocytes 
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from the spleen and lymphatic glands is not miiformly rapid at 
all times. It is most active a short while after meals. This 
increased activity coincides with that transient hypersemia of the 
entire digestive tract which is caused by taking food, and which 
manifests itself in the spleen more especially as a perceptible 
intamescence of that organ. J£ we have the chance of examining 
a spleen under such circumstances, we find, besides a marked 
congestion of its pulp, a distinctly swollen condition of the 
Malpighian bodies. The mesenteric glands too are larger and 
contain more blood than usual. It is probable therefore that the 
increased supply of blood occasions a more rapid productioil of 
leucocytes in the Malpighian bodies of the spleen and in the 
mesenteric glands. The newly-formed cells mingle with the 
current of lymph or of blood as the case may be, and a transient 
leucocytosis is the result ; no sooner however does the digestive 
hyperaemia of the abdominal viscera subside, than the lymphatic 
organs on the one hand, and the composition of the blood on the 
other, return to their normal state. 

§ 179. Leukhsemia too is conmionly associated with an en- 
largement of the lymphatic organs. The spleen here takes the 
lead. By far the greater half of all leukhasmisB are purely 
splenic ; more rarely do we find the lymphatic glands diseased 
together with the spleen ; and an exclusive affection of the 
lymphatic glands is rarest of all. 

The Uukhoeniic spleen is originally a congested spleen. The 
blood, flowing more slowly, accumulates mainly in those anasto- 
motic channels of tlie pulp, which were first recognised by 
Billroth as a part of the blood-path through the spleen, and 
termed ^' cavernous veins " on account of their easily demonstrable 
connexion with the efierent vessels. The lymphoid parenchyma 
of the pulp (the intervascular cords of Billroth) is also in- 
volved in the process ; in addition to the usual colourless cells 
of the spleen we find an unusual number of red corpuscles ; the 
Malpighian bodies too are enlarged, though the alteration in 
their structure is not as yet very striking. With the naked eye, 
besides the dark colour, diminished consistency, and increased 
Tolume of the pulp, we perceive a distinctly lobed or rather 
tuberous condition of the surface of the organ. Each of these 
elevations corresponds to the area of distribution of a splenic 
arteriole (penieillus)^ while the intervening depressions coincide 
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with the inBertion of the Itu'ger trabecule, these takiDg a longer 
time to accommodate tfaemeelves to the enlargement of the organ 
as a whole. The capsule too docs not admit of any very sudden 
distension. In my notes of Vircltoio's practical com^ (Berlin, 
1857-58) I find a case of splenic leukliEemia in which the spleen 
(in tlie stage of parenchymatous congestion) was swollen till it 
measured one foot in length, two inches in thickness, and five 
inches in width ; and in conaeqneuce of this, a rupture of the 
capsule had oconrred. The fissure, masked by <jotted blood, 
was three lines in length, and passed at each end into a com- 
mencing dissociation of the capsular fibres, preliminary to an 
extension of the tear. 

§ 180. As the disease advances, an overgrowth (hyperplasia) 
of the Malpighian bodiea~-or as we must call them nowadays, 
the lymphoid sheaths of the arteries — developes itself more 
and more. The first step iu the process is an accumulation 
of leucocytes in their interior, produced by fission of those 



Cot GDrfoce of spleen in tbe second etage of leukhEemtc swell- 
ing. Enlargement of Uatpighian bodies. Atrophy with 
pigmentation of the pulp. 

abeady present. This proliferation is followed by a dilatation of 
the delicate fibrous reticulum between the cells, and subsequently 
by a proportionate formation of new capillaries, so that the 
enlargement of tlie Malpighian bodies really implicates every 
one of tlieir three constituents, and must therefore bo regarded 
as a true overgrowth. The Malpighian bodies are now very 
distinct on tho cut surface of tho spleen as wliitc, tough, resist- 
ant nodules ; they exhibit, more oRen than under normal con- 
ditions, a tendency to bifurcate, nay even to break up into a 
number of branches, a proof that they have not only, increased 
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in thickness^ but have also extended either upwards or down- 
wards along the vessels to which they are attached (fig. 69). 

The overgrowth of the Malpighian bodies naturally contri- 
butes a new element to the existing causes of splenic enlarge- 
ment. The spleen attains the greatest length, breadth, and 
thickness of which it is susceptible. Inasmuch however as the 
morbid phenomena must run their course in a space limited by 
the size of the splenic capsule, it is self-evident that degenerative 
changes must coincide with the hyperplastic processes in order 
to make room for the latter. The former chiefly affect the pulp, 
which, wedged in between the continually growing Malpighian 
bodies, perishes in large portions at a time. This is always asso- 
ciated with an abundant production of pigment, which reaches 
it8 maximum in the immediate neighbomrhood of Ihe glistening 
Malpighian bodies, giving rise to an exceedmgly variegated 
^^ granitic '* marbling of the cut surface. The consiistency of the 
organ conforms to that of its chief constituents, the Malpighian 
bodies ; it becomes peculiarly tough, more than leathery, almost 
wooden. In addition to all this, we have chronic inflammatory 
changes in the peritoneal coat which give rise either to smooth 
or reticulated thickenings of cartilaginous hardness, or else to 
highly vascular membranous adhesions connecting the spleen 
with the nearest abdominal viscera. 

§ 181. With splenic leukhasmia Virchow contrasts that rarer 
form to which he gives the name of lympliatic leukkoemia ; it is 
characterised from the first by the prcniominant way in which the 
lymphatic glands are affected, while the splenic tumour is either 
secondary or altogether absent. The glands do not all swell at 
once ; the disease usually begins in an inguinal or axillary gland 
and spreads first to all the glands in the same region ; it then 
extends inwards in the direction of the thoracic duct, involving 
the mediastinal or retroperitoneal groups of glands ; then other 
peripheral glands take on the morbid action, until every lym- 
phatic gland in the body is more or less enlarged. The indi- 
vidual glands often attain firom three to five times, occasionally 
even ten times their natural size. Nevertheless, an anatomical 
investigation shows nothing beyond a simple overgrowth in 
every case. This indeed is clear enough £rom the fact that even 
in cases of extreme enlargement the lymph-paths remain open, 
and the lymphatic sinuses of the glimd can be injected both 
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from the afferent lymphatics, and by direct puncture. An exa- 
mination of thin sections which have been pencilled out shows 
nothing which might not occur in a normal gland ; fine-meshed 
reticulum made up of tlun, lustrous threads, permeated bj 
capillaries and occupied by Ijmph-corpuscles. We notice only 
that the cortical nodules (Rindenknoten) and the medullary 
cords (Markstrange) are far broader, and the capsules and septa 
of connective tissue far thicker than they usually are. W. 
MuUer asserts that in hyperplastic enlargements of the lymphatic 
glands the delicate network of connective-tissue corpuscles which 
permeates the lymphatic sinuses of the cortex and the lymph- 
paths of the medullary substance, shows itself to be the essential 
histioplastic element, inasmuch as new layers of medullary sub- 
stance, in addition to those already present, are more particularly 
developed in its neighbourhood. I believe that this is principally 
true of leukhsemic overgrowths. {See below.) 

§ 182. The pathological histology of leukhaemia is not ex- 
hausted with the consideration of these hyperplastic conditions 
of the spleen and lymphatic glands. The implication of other 
organs suggests that we ought rather to view those phenomena 
merely as the expression of a general tendency to the develop- 
ment of new lymphadenoid tissue. The presence of a certain 
quantity of imformed connective tissue seems in fact to be the 
only condition needfiil for the occurrence of the characteristic 
alterations. The cells proliferate, and form circumscribed deposits 
of variable size, which are white to the naked eye, and which 
can only be distinguished from small collections of pus by the 
circumstance that the cells are embedded in a network of delicate 
fibres of stifiened protoplasm, which leaves enough space round 
the cells for the transit of nutrient fiuid. It need hardly be said 
however, that this very reticulum in which the cells are embedded, 
and which distinguishes the leukhsDmic product from a collection 
of pus, assimilates it to the lymphatic glands, raises it to the level 
of lymphadenoid tissue. (Cf. leukhaemio swelling of the liver, 
kidneys and serous membranes in the corresponding chapters of 
the Special Part of this work.) 

3. MeUmoemia. 
§ 183. In the melanasmic dyscrasia, certain pigmentary pai*-* 
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tides are feund among the usual floating constituents of the 
blood ; in well-marked cases, thej occur in every specimen of 
blood taken from the hearths cavities. Their shape is very irre- 
gular ; they are made up of yellow, brown, but most commonly 
of black granules ; most of them are small, smaller at least than 
red blood-corpuscles ; others are larger, and a few even exceed 
the red corpuscles considerably in size. 

Here and there we may succeed in demonstrating a trans- 
parent, colourless membrane investing the pigmentary aggregates 
and filling up the irregularities of their surface. In rare instances, 
this membrane is of considerable thickness, and then exhibits a 
concentric lamination. 

§ 184. In the Qeneral Part of this work I spoke at length 
about the mode in which pathological pigments originate. The 
remarks I then made are perfectly applicable to the pigmentary 
particles of melansemia. They are derived from the colouring- 
matter of the blood, and consist of condensed and altered hsematin 
precipitated in a granular form. Both the circumstances and the 
locality of their production maybe determined with some approach 
to certainty. Melansemic pigment originates chiefly in the 
spleen, under the influence of the malarial cachexia (cachexia 
of intermittent fever). 

The morbid anatomy of intermittent fever starts fit)m an 
active congestion of the livei" and spleen. Both of these organs 
may attain a very considerable size in consequence. Neverthe- 
less, it is only after the hyperaemia has lasted some time that signs 
of permanent disorganisation occur. One of these, a difiuse 
interstitial overgrowth of connective tissue, we shall become 
acquainted with among the diseases of the liver as an induration 
of that organ. The spleen may either exhibit a kind of softening 
of its entire parenchjmia, or an indurative condition which starts 
from a thickening of its capsule and trabecular network. In 
very severe cases, such as (thanks to the general use of Peruvian 
bark) only occur sporadically in Germany, this is associated with 
a deposit of pigment both in the liver and in the spleen. 

This is directly traceable to the above-mentioned excessive 
and prolonged congestion of both organs. In the liver, the 
pigment makes its appearance just outside the vessels ; number- 
less minute extravasations into the capsule of Glisson and the 
hepatic parenchyma form the starting-point of the process. In 
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the spleen, whose pocaliar structure occludes the possibility of 
extraTasation, since the blood could only be extravasated out of 
one of its natural channels into another, the pigmentation occurs 
in the intervascular cords of tlie pulp — in those parts therefore 
where the blood flows most slowly. Even tmder normal condi- 
tions we maj here observe the development of pigment-cells and 
blood-corpuscle-holding cells (cf. note to § 57). In the pig- 
mented spleen the intervascular cords are so thickly packed with 
the black, flaky masses (fig. 70, b) that the organ presents even 
to the naked eye a colour vaiying from slat«-grey to black (the 
miiza nera of the malarious districts of Italy). 

From hence the pigment-flakes make their way into the 
blood. We know that the intervascnlar cords are not shut 
Fig. 70. 



The melannmie spleen. Transverae lectioa from the middla 
of the org&D. a. The cavemonB veins of the spleen; (. 
The intervaacnlar cords containing pigment; c A branch 
of the splenic artery. ii^. 

off from the cavemons veins by an impermeahle membrane 
(fig. 70, o) ; we regard the former in the light of a filter with 
very fine pores intercalated between the arterioles on the one 
hand, and the venous radicles on the other, and which, in the 
spleen, takes the part of the capillary vessels and parenchyma of 
other organs. During this filtration the pignient-flakes are 
torn from their pUce of origin and pass into the blood, where 
their presence gives rise to the melanmijeo djscrasia. The black 
partidea are accordingly carried wherever the blood itaelf pene- 
trates. We find them in all the oi^ans of tlie body, especially 
in those which are characterised by the narrowness of their capil- 
laries, eg. in the brain. All the flakes cannot pass through this 
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organ ; the larger ones are arrested m transitu. The vessels give 
way behind the point of obstruction ; hsBmorrhage, inflammation 
and softening ensue ; in short we get a sum of anatomical dis- 
turbances associated with most severe clinical symptoms. The 
retia mirabilia of the kidneys are likewise unfavourable to the 
free transit of the pigmentary particles; at least these organs 
stand next to the brain in the frequency witli which they exhibit 
melanaamio pigmentation, in the form of black dots and striaa 
in their cortical substance, corresponding in position to the MaU 
pighian bodies and their afferent vessels. 

b, COAQULilTIGN OF BlOOD IN THE VESSELS (ThBOHBOSIS). 

§ 185. One of the most important chapters of general patho- 
logy is taken up with the causes and consequences of the coagu- 
lation of blood in the interior of the vessels. We shall oontent 
ourselves with so much of it as is needful to understand the 
histology of the process. 

Coagulation is determined by two conditions ; retardation of 
the blood-current, and irregularities on tlie inner wall of the 
vessel which increase the friction between it and the passitig 
blood. Thrombosis often complicates many of those diseases of 
the vessels to which the ensuing section will be devoted. But 
coagulation from increased friction may indeed be often if not 
always referred to coagulation from stagnation ; and that 
wherever the irregularities in question afford even the smallest 
recesses in which the blood may pause. We shall return to this 
subject when we speak of endocarditis. 

§ 186. The proximate cause of coagulation is in every case a 
precipitation of fibrin from the blood. The fibrin is not con- 
tained in the blood as such ; it is produced durhig the act of 
coagulation itself. A. Schmidt has established the interesting 
fact that the blood-corpuscles contain an albuminoid substance 
(globulin, fibrinoplastic matter) which forms an insoluble com- 
pound with a similar body (fibrinogen) contained in the liquor 
sanguinis, whenever the obstacles to coagulation are removed, or 
conditions favourable to coagulation are present. This insoluble 
compound is what we call " fibrin." 

Becently precipitated fibrin is a colourless substance much 
swollen by imbibition. Two parts of fibrin in a thousand are 
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enougli to give the coagolum a jelly-like oomistencj. Beeent 
fibrin is invisible under the microscope owing to its great homo- 
geneity and transparency. These properties begin however to 
be modified fi*om the moment that coagulation has occurred. 
The molecules of fibrin possess so high a degree of mutual attrac- 
tion, that the mass continues to shrink, squeezing out more and 
more of the fluid contained in its meshes. A highly character- 
istic change in the microscopical appearances is associated with 
this separation of the solid and liquid constituents of the clot ; in 
the homogeneous mass above alluded to, a number of little gaps 
and fissures make their appearance, between which the solidify- 
ing fibrin remains as a more or less delicate network composed 
of round threads. 

§ 187. The above change may be observed wherever the field 
is not obscured by too great an abundance of corpuscular ele- 
ments. But this is almost invariably the case when blood 
coagulates in the vessels. Bed and white blood-corpuscles in 
vast numbers are entangled in the coagulated fibrin and mask 
the microscopic details of coagulation so completely, that we are 
unable to make out anything even in the finest sections through 
a liardened thrombus. We may consider it as settled that a pre- 
cipitation of fibrin underlies thrombosis ; that the subsequent 
contraction and the peculiar desiccation which the thrombus 
undergoes are certainly due to the above-described changes in 
the fibrin ; but the microscope fails to demonstrate the presenoe 
of fibrin among the innumerable cells of the intravascular 
thrombus; and I may add that this fibrin never subsequently 
reappears. 

§ 188. The recent thrombus is always of a dark red colour 
and a jelly-like consistency, like any other blood-clot Its shape 
depends on that of the cavity in which coagulation has occurred. 
Cylindrical plugs are very common, occupying the entire lumen 
of a small vessel or one of medium size, and termiiXating in a 
conical point at the end turned towards the still pervious part of 
the channel (obstructing thrombi). Other clots do not block the 
vessel completely, but adhere to one side of its wall, exhibiting 
more of a ribbon-like aspect with a tongue-shaped end (lateral 
thrombi). Farther modifications are brought about by the 
secondary precipitation of fibrin which is everywhere caused by 
existing coagula when these are immersed in the blood-current 
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Layer npon layer is deposited, and by this continuous coaffulation, 
Ist, a lateral thrombus may easily be converted into an obstruct- 
ing one ; and 2nd, the coagulation may spread from one vessel 
to its neighbours. In the latter event, the intruding clot will 
at first be lateral, then obstructing, &c. The size and shape 
which the thrombus may ultimately assume cannot be determined 
a jmorij and can only be predicted with some degree of certainty 
in a few cases, e.ff, after ligature of arteries. With reference to 
these we have tihe following law to guide us : the coagulation 
never extends beyond the nearest pervious collateral branch, 
whether in a peripheral or a central direction. The peripheral 
coagulation is not as a rule of much moment ; since, owing to the 
complete contraction of the arterial walls it usually forms a 
slender and barely perceptible thread. 

§ 189. We may now proceed to consider the farther changes 
which occur in thrombi. A few preliminary remarks are indis- 
pensable however, about certain differences in tlieir primary 
structure. Much depends on whether a thrombus has been 
formed rapidly, by some sudden accident, as e.g. when a vessel 
is tied and a certain quantity of blood, suddenly cut off from the 
current, coagulates forthwith ; or whether it has been produced 
more gradually. In the former case the colourless and red 
corpuscles are so equally distributed throughout the clot, that 
on examining sections of it we find the colourless elements 
distributed at regular intervals throughout the mass of red ones. 
It is far otherwise where the coagulation begins and goes on 
gradually and slowly. As examples of this latter mode, we have 
the coagulation which begins in the superficial vessels of an 
amputated stump affected by diphtheritic inflammation, and 
which gradually spreads upwards into the veins ; the thrombosis 
which occurs in the left auricle in cases of mitral contraction ; 
thrombosis in varicose veins and aneurisms. In all these cases, 
with which we shall become more familiar when we study the 
diseases of the vessels, what is known as the ^^ viscosity" of the 
colourless corpuscles comes into play, giving rise to a concentric 
lamination of the clot The colourless corpuscles are glutinous, 
Le. their protoplasm tends to adhere to solid bodies, to penetrate 
into their pores. Most of all does it incline to unite with the 
protoplasm of other leucocytes ; so in the comparatively sluggish 
current of the veins we not unfrequently find the white blood. 
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corpuscles joined in pairs; and it is only on account of the 
rapidity with which the blood is forced throngh the arteries, and 
repeatedly transmitted through a system of innumerable canals 
of very narrow calibre, that no permanent union between these 
elements normally occurs. 

Assuming that a clot has reached a certain size, and that a 
fresh layer of coagulated blood has just been deposited upon its 
surface, it is clear that of all the blood-corpuscles which are 
carried past it, the colourless ones, owing to their glutinous 
properties, will be the first to adhere to it, and to become station- 
ary in its outer parts; just as in Recklinghausen's experiments 
on suppurative inflammation, excited by the introduction of a 
finely-porous body into the subcutaneous tissue, the pus-cor- 
puscles penetrate into the pores, and thickly infiltrate the margins 
of the foreign body. Well, a layer of leucocytes is deposited 
which clothes the thrombus for a time, until a fresh deposit of 
red coagulum takes place. In other words, the blood coagulates 
by fits and starts, and between each recurrence, a large number 
of leucocytes have time to attach themselves firmly to the surface 
of the dot. 

On making a transverse section through a clot of this kind 
we see at once that it i.'^ permeated in every direction by a system 
of transparent lines which exhibit a more or less distinctly con- 
centric arrangement. These lines correspond to the cross section 
of the layers of leucocytes which alternate with broader layers 
of ordinary red blood. We must accordingly distinguish between 
two kinds of thrombi, basing our division on the differences in 
their primary structure : 

1. Non-laminated thrombi, originating in the sudden coagu* 
lation of an isolated quantum of blood. 

2. Laminated thrombi formed by an intermittent, gradual, 
and long-continued coagulation. 

§ 190. A clot is susceptible of further metamorphosis in two 
different directions, that of organisation and that of softening. 
Organisation^ or transformation into connective tissue, has hitherto 
been chiefly studied in the non-laminated thrombi of the larger 
vessels. The following account must therefore be understood to 
apply to these only, and must not be supposed to include the 
organisation of laminated clots, concerning which we are at 
present entirely ignorant The thrombus attains its maximum size 
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immediatelj after ooagolation has taken place, when it still exhibits 
the dark-red colour and jelly-like consistency of a recent clot It 
continues to contract from day to day till it shrinks up entirely, 
and after the lapse of a few months disappears, leaving not a 
traceof its former presence behind. This continuous decrease in size 
is associated with a decolorisation and condensation of its substance; 
it loses its original dark-red hue, until at length it comes to be 
only a shade redder than the wall of the vessel which contains it; 
it grows drier and more tough ; whereas originally it lay loosely 
upon the walls of the vessel, at a later period it blends with 
them, assuming the character of a little plug of connective 
tissue, which seems rather to belong to the surrounding con- 
nective tissue and the wall of the vessel than to the blood. The 
progress of these alterations as seen by the unaided eye is eluci- 
dated l>y the microscope as follows : 

§ 191. I have already said that in the recent non-laminated 
thrombus the colourless corpuscles are distributed among the 
red ones at tolerably uniform intervals. It used formerly to be 
supposed that all further changes started from these colourless 
elements. At the present day, the organisation of clots, in com- 
mon with many other morbid processes, is explained by the 
activity of migratory corpuscles. Artificial thrombi have been 
produced by tying arteries in the lower animals ; cinnabar has 
then been injected into the blood, and its leucocytes impregnated 
with this finely-granular material, which is easily recognisable 
under the microscope. It was found that those cells from which, 
on the second or third day afler the occurrence of coagulation, 
the organising process appeared to set out, contained cinnabar; 
the inevitable inference being that they had migrated into the 
clot (com without. These cells then put forth processes in 
various directions which meet one another and unite to form a 
delicate protoplasmic network with nuclei in its nodal points 
(fig. 71, b.) Even at this stage the structure of the clot might 
be compared to that of a connective substance ; its corpuscular 
elements being represented by the leucocytes, and its inter- 
cellular substance by the mass of red blood-corpuscles and the 
fibrin. And this, if the phrase may be allowed, is the fundamental 
idea which underlies the whole organising process and which 
tends forthwith to realise itself. 

Shortly after this primary differentiation has taken place, the 

15 
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Tascnlaris^oD of the tlirombus begins.* This oonform!) to the 
''tertiary " type, Le. the opening up of capillaiy chaniK^ akoig 
the threads of the protoplasmic network. A more or ieas com- 
plete vasonlarisation may be d^nonstrated in evety thrombiu 
over eight days old, whether by injection, or by the examina- 
tion of fine sections. The veasela are thin-walled capillariw 
with alternating nndei (fig. 71, a) ; they get their blood munly 
from the stiU perrioos portion of the occluded vesael iUelf, 
-whither also they return it, until other anastomoses are deve- 



Tronaverse sectioD tliroagh a clot prodaced byli|^tare of the 
cruralarteryithirty-BeTeadajsafteroperatioii. Htirdenedin 
alcohoL Treated, with dilate acetic add aQd then with a little 
ammonia, a. Capillaries ; 6. The cell-network of the colcmr- 
Icea blood-corpnscles. In the basis-snbstance we see the 
oatlines of the red corpuscles. 

Toped, though still in scanty number, with the rasa vtaortua. 
An indispensable preliminary (o the fonnation of sach anasto- 
moses is the perforation of the non-vascular tunica intima of 
the vessel, separated as it is from the middle coat by its homo- 
geneous limitary membrane ; and this is clearly a harder task 
for natore to perform than we might at first imagine it to be 
(8g. 72). 

% 192. The vaseolarisation of the clot guarantees it a more 
dnraUe and organic connexion with the body ; it becomes hence- 
forth a member of the series of vascular connective tissaes. Bot 

* See 0. Weber, Handbnch der AJlgemeinen nnd SpecieOen (Jtan^ipt, 
redig. von Pai* nnd BfllroA. Bd. i.. Liefarnng l.p. 143. 
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liow do matters stand with regard to the intetoellokr substance 
of this very peculiar oonneetive tissue ? 

The red ccopuscles together with the fibrin make up the bulk 
of the reoent thrombus. Hence it La to alterations in thetn, tbat 
anoh changes in the dot as we are able to traoe with the naked 
«j6f most be chiefly due. The rapid escape of oolonriog matter 
from the red oorpuscles ex{^ains the deooloriaatioD of the clot ; 

Fi6. 72. 



LoDgitndinitl section tbnmgli bbe ligatured end of the arvnX 
arter; in a dog, fiftj daya after operation. I^jeoted bj 0. 
WOer. Th. ThromboB. if I. Middle ooat; Z. Areolar 



ita ahrinfcing and ittoreaBed dryness are due to the contraction of 
the fibrin and the consequent expulsion of the contained fluid. 
What remiuns therefore is — 1st, instead of every red corpuscle, a 
flake of Qolourless protfiplssm ; 2iid, the fibrin as an iovisible 
but neverthaloss very fiiia cement which binds these flakes 
together. The two form a mass which is not easily torn 
.and whidi is never fibrous ; from the first until about the 
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eighth week this constitutes the basis-substance of the thrombus. 
Moreover the original character of its constituent elements con- 
tinues to be recognisable for a long time. In a thirty-seven 
days' old thrombus after ligature I found the decolorised blood- 
corpusdes so little altered in shape that their numbers entirely 
masked the vessels and connective-tissue corpuscles ; and it was 
only after adding acetic acid, which made the whole specimen 
swell up violently and obliterated the outlines of the blood-discs, 
that the network of vessels and cells became distinctly visible. 
Then indeed its likeness to a vascular connective tissue became 
unmistakeable ; and I do not scruple, on the ground of its 
reaction with acetic acid, to admit the direct conversion of the 
stroma of the blood-corpuscles into the basis-substance of con- 
nective tissue. I may add that even after the addition of acetic 
acid, a judicious neutralisation with ammonia rendered the out- 
lines of the blood-discs once more distinct, so that both the con- 
stituent elements of the thrombus, the network of cells and 
vessels on the one hand, and the former blood-corpuscles on the 
other, could be seen side by side (fig. 71). 

§ 193. The remaining histological alterations may be viewed 
as a cavernous metamorphosis {see § 129) of the thrombus. It 
used in former days to be described as a ^^ sinus-like " (sinus- 
artig) degeneration. The blood-vessels grow wider and wider, 
while the parenchyma between them disappears and is replaced 
by a moderate quantity of colourless cicatricial tissue arranged 
in concentric laminae round the vessels. At a certain stage in 
the process the cavernous structure is exquisitely apparent (fig. 
73). The vessels continue to grow wider and the septa between 
them thinner, until they wholly disappear and the thrombus 
accordingly ceases to exist 

§ 194. The softening of thrombi contrasts with their organi- 
sation in much the same way as suppuration contrasts with 
organisation in the case of inflammatory pro^lucts. This remark 
applies to the clinical significance, as well as the naked-eye 
peculiarities of the process. As regards the latter, a decolorisa- 
tion of the primarily dark-red thrombus, plays here, as during 
its organisation, a prominent part The colour begins to 
fade at its centre, and the decolorisation spreads firom this 
point to the circumference; it is associated with a certain 
degree of condensation which is not however, as it is during 
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organisation, a permaaent, but a tranaitory phenomenon, and 
passes stnughtway into the opposite condition, that of softening 
and liqne&ctjon ; accordingly we find at a certain stage in the 
process a yellow flnid not unlike pua occnpying the interior of 
the dot, and enclosed in a comparatively tough, flesh-coloured 
layer which adheres firmly to the wall of the vessel. The cir- 
cnmstanoe that softening occutb chiefly in laminated thromhi 
gives rise to various modifications in the anatomical appearances. 
The strata of colourless corpuscles sometimes exhibit a singular 



Fart of a tranaverae aection throngli aa ortarifil thrombns three 
months old. a. Middle coat (its innermost layera only) ; 
b.\ Lamella which separates the middle &om the inner 
coat; e. Intima; d. Line of demarcation- between the 
intima and the thrombns ; e. Thrombus ; /. YeBsela cat 
across ; epithelinm ver; distinct, -j^. 

proneuess to take part in the softening, while at others they 
offer the longest resistance to disintegration. In the former 
case, Ike connexion of the colourless cells with one another is 
early broken. Even before the red corposcles have had time to 
part with all their colouring matter, the thrombus breaks up 
into a reddish-grey pulp which may resemble anything between 
chopped meat and the lees of wine. 

K on the other hand the white corpuscles offer a more deter- 
mined resistance than the red ones, we first of all get a mass of 
cheesy colour and consistency, passing at a later period into a 
more spongy or loculose decomposition of the whole of the 
softening thrombus. 
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§ 195. I have also endeavoured to asoertaiii the histologieaJ 
det^ls of the soflening procesa. Fig. 74 represents a tr&niTem 
section through a laminated coagulum, the eentre of which has 
already undergone sof^ing. The upper part of the drtwnig 
ehows the bonndaiy-line between the outer layers of the tfarom- 
bus which are still solid, and its central portion which is already 
difluent The lower part shows the almost mathematical r^n- 
krity with which the ooloorless dissepiments and the layers of 
PiQ. 74. 



From a sectioB through a Eoftening thrombus, a. Laycri or 
red blood-discs; b. ColoarlesB lajera oonaiiting of white 
blood-corposdes itued together; e. The cantjr doe to 

softening. ,Jn. 

red blood which they enclose alternate with one another. On a 
level with the softening edge of the clot the colonrlees strife p«s» 
into rows of independent leucocytes, while the compact masses of 
red discs lose their cohesion and mingle with the fluid products 
of Bofteniug. They have already lost their colouring matter and 
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bave become cloady, so that thej can hardly be distinguiabed 
£rom tbe white oorpoadeB proper ; their stroma now becomes 
diflsolved as well, giving the fluid products of softeniHg a 
mnocnd, often stringj consistency. The ooloarless cells also 
break ap into minute granules. The resulting liquid contains 
tberefefe as a rule nothing Int granular dAria and oil-globules ; 
and to iheBe it owes hs yellowiBh-grey parifimn luipeot; true 
pas-corpuscles (even if we include the colourless corpuscles of 
the blood under this name) occur only in very small number, 
and there is no question of any proliferation of corpuscular 
elements ; so that to call the softening of thrombi a suppuration, 
thou^ it does convey some idea of the naked*eye iqppearancesy 
£iils entirely to hit the essential nature of the process. 

§ 196. The softening of thrombi is in more than one respect 
dangerous. First among possible mishaps, we have the chance 
tliat wherever the clot is fieely exposed to the blood-current, bits 
of it may be detached and carried away. Should this come 
oboat, 4e fragments may be carried with the ntrenm (a) from 
the radicles of the vena cava through the right heart into the 
lungs ; (b) from the radicles of the puhnonary veins through the 
left heart into various organs of the body ; (c) from the radicles 
of. the portal vein .into the liver. The distance to which they 
penetrate into the circulatory tract which they have entered 
depends upon their size. It is obvious that only particles no 
bigger than blood-oorpusdes can travel without hindrance 
tlu*oughout the wholo circulatory system. Any particle of 
larger size than this must be stopped somewhere or other, 
blocking the vessel in which it is arrested (Embolism). 

Much might be said about the course emboli prefer to tak& 
In the lungs they most frequently select those long, straight 
branches of the pulmonary artery which run along the inner 
surface of the middle and lower lobes to their edges and tlie 
neighbouring parts of their external surface. In the systemic 
eirculati<m the larger emb(^ most frequently select the popliteal 
and Sylvian arteries. The embolus in these cases appears te 
fi>Uow the most direct route, that in which there are fewest 
turnings. It seems to happen not unfi^uently that an embolus 
is driven against the projectuig angle between two bifurcating 
divisions of an artery, and there broken up into smaller frag- 
ments like a floe of ice against the piles of an ice-guard. These 
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fragments are distributed among the branches below the point 
of bifurcation. This aiFords an adequate explanation of multiple 
embolism in some one part of an organ while the rest is un- 
' affected, as e.g. of a single Malpighian pyramid of the kidnej, 
or a single lobule of the lung. Finally 0. WAer^s researches 
have established the &ct that minute emboli may pass through 
the pulmonary capillaries to be ultimately arrested in the nar- 
rower capillaries of the kidneys. 

§ 197. The consequences of embolism, the morbid changes 
which are produced in the organs whose vessels are plugged, 
will bo more fully discussed in another part of the present work. 
I may say generally however that the primary and immediate 
consequence of every embolism is anaemia (ischaBmia, arrest of 
blood supply), but that this bloodlessness is immediately followed 
as a rule by extreme congestion. The more complete the ana- 
stomotic connexion of the plugged vascular area with neighbour- 
ing regions, the better is it fitted to play the part of a coecal 
appendage, a diverticulum of the circulatoiy apparatus, which is 
replenished with blood from every side, but which possesses no 
adequate outflow, so that the tension of the blood in its interior 
is higher than in all the other capillaries of the body. This 
secondary hyperaemia may lead to rupture of vessels, to hasmor- 
rhagic infarctions ; in any case the blood stagnates ; it is not 
renewed and nutrition comes to a deadlock. The consequences 
of embolism therefore are all essentially bound up with disturbed 
nutiition; not a few indeed present the characters of trne 
necrosis. (Cf. Metastatic abscesses of the lung, the liver, the 
kidneys, embolic necrosis of bones, yellow softening of the 
brain, &c.) 

c. Inflammation and Tumours. 

§ 198. The possibility of an inflammation of the blood 
(haemitis — Piarry)^ was at one time seriously discussed. The 
increase in the number of leucocytes which may be shown to 
accompany leukhaemia, caused Bennett in particular to assume 
that the blood as a whole underwent suppuration. All such 
theories however must be rejected by us, were it only on the 
groimd that the contrast between blood and parenchyma, between 
nutriens and nutriendum^ is indispensable for our oonoeption of 
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inflammation. Hence we can only admit the existence of in- 
flammatory — and we may add, of neoplastic processes generally 
— ^in those organs where the blood-corpuscles originate, viz. the 
lymphatic glands ; on the other hand, we not only admit, but 
most distinctly affirm, that such inflammatory action may influ- 
ence and alter the composition of the blood itself. 

§ 199. A former attempt to define the leading characters of 
lymphadenoid tissue led us to the conclusion that it could not 
be better described than as a tissue in which an early phase of 
development — a phase very nearly allied to embryonic tissue — 
had become in a measure permanent. This circumstance must 
be borne in mind when we see how readily the lymphadenoid 
tissue may be induced to develope in any direction whaterer, 
when prompted by an appropriate stimulus. Should the organs 
firom which the lymphatic glands derive their lymph be inflamed, 
this may give rise to suppurative, caseous, and indurative lym- 
phadenitis ; the specific inflammations are all reproduced in the 
corresponding lymphatic glands ; e.g. the syphilitic gumma, the 
miliary tubercle, the typhous product (§ 112) ; finally, almost 
all the carcinomata implicate the nearest lymphatic glands as 
a first step towards infectmg the entire organism. Moreover, 
the morbid product, whatever it may be, manifests itself in the 
'lymphadenoid tissue with a simplicity and completeness often 
lacking in the primary growth ; to this rule there are but few 
exceptions; and hence it is that the Ijrmphatic glands may be 
recommended as especially adapted for the investigation of the 
proper structure of a tumour. This however must not be taken 
to mean that the lymphatic glands are equally favourable for the 
study of the development of morbid growths ; on the contrary, 
this is just the point at which our knowledge fails us most, as 
will be clearly enough seen from the following summary. 

§ 200. I. Acute lympliaderiitis. The internal condition of a 
lymphatic gland which, owing to inflammatory changes in the 
area of distribution of its afierent lymphatics, has become mode- 
rately swollen and tender, may be taken broadly to consist in 
hyperaemic distension of its vessels, together with an increase in 
the number of its contained lymph-corpuscles. Whence are these 
corpuscles derived ? We may adopt one of three hypotheses to 
account for the fact, and bring very weighty analogies in sup- 
port of each in turn. For instance, we may assume a migration 
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of leucocytes to take place from the distended vessels ; or a pro- 
liferation of the existing cells ; or a transmigration of oorpus- 
cnlar elements irom the seat of inflammaticHi. It is unfortunate 
that we cannot decide which of the three views is the right one; 
for the settlement of this question would be most important for 
our knowledge of tlie physiological function of the Ijrmphatic 
glands. On a priori grounds we are tempted to believe in an 
autochthonous proliferation of the lymph-corpuscles. We may 
very plausibly suppose that we have before us only a quantitatiTe 
excess of the normal proliferative activity of the gland ; of Ihat 
process which satisfies tlie physiological requirements of the 
blood for young elements, and whose increased activity is per- 
haps intended to compensate for the disproportionate loss of 
colourless cells caused by their migration from the vessels in the 
inflamed region. But since erroneous preconceptions would in 
this matter be peculiarly hurtful, we must rigorously confine our- 
selves to the most temperate statement of observed fiicta. 

According to Billroth (fig. 75) a section through the gland 
(after hardening), from which the cells have been thoroughly 
removed by pencilling (or better still, by shaking), shows a veiy 
marked overgrowth of that system of sofl, protoplasmic, stellate 
corpuscles which is stretched out between the walls of the lymph- 
sinus. The cells swell up in due form, they anastomose more 
freely with one another, their processes grow thicker, and the 
nodsd points more numerous. A luxuriant proliferation of the 
nuclei accompanies these changes, so that we finally get the ap- 
pearance of multinuclear giant-cells, connected with one another 
by broad anastomoses. Tlie reticulum in the interior of the lym- 
phatic cords and nodules (Lymphstrange imd Lympfakolben) 
remains at first quite passive in presence of the comparative 
abundance of the infiltrated cells. A large number of its finer 
threads are torn across, and the whole tissue comes to consist of 
only a limited number of main trabecule, which seem to be rather 
stouter than usual. It is only when the swelling takes place 
very gradually that all the trabeculae of the reticulum undergo a 
reactive overgrowth ; of this I shall say more anon. As the 
reticulum disappears the lymph-corpuscles form globular aggre- 
gates of larger size. Such aggregates exist here and there even 
in the normal lymphatic nodules ; now however they per- 
meate the whole of the glandular parenchyma. These lobular 
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stasBes c^ ceDs onght certainly to be regarded as centres of 
pro1iferati<Hi, although this does not admit of being ' flirecUy 
j»-oved. Whether the abore-deecribed tranaformatioii of the 
coTpuaeolar «lement8 of the retiform tissue of the lymph-patli 



Fart of a section thitnigh the cervical gland of a dog snotlen 
to the BJie of a bazel-nnt in consequence of inflammation 
c^ the lipB, artificuUy excited. T^. AStea^ StU/rolh. Show- 
ing the neptum of connective tisane, the sinns terminBliB 
amd the marginal row of lymphatic nodules (Ljmph- 
kolbea). 

into ^ant-cells admits of a like interpretation, must remain 
doabtfiil ; the earlier stages of cell-proliferation, namely fission 
of the nnclei and increase in the amount of protoplasm are indis- 
putably preseid. 
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§ 201. Simple swelling of the lymphatic glands passes 
direcfty into suppuration of their parenchyma, provided always 
tliat the production and accumulation of lymph-corpuscles be 
.not checked in time. Kot only does the reticulum of the lym- 
phatic nodules get worn progressively away, but the capillaiy 
vessels are ultimately torn across, and the corpuscular network 
of the lymph-path, rich as it is in nuclei and protoplasm, under- 
goes disintegration. The result is a richly corpusculated fluid, 
no longer distinguishable firom pus, which fiUs all the cavities 
formerly occupied by the lymphadenoid parenchyma. When 
this occurs in a solitaiy lymphatic follicle, as e.g. in the intes- 
tinal mucous membrane, we call the resulting condition a folli- 
cular abscess ; when an entire gland is involved, we term it a 
suppurating [bubo. Its further progress comes under the head 
of suppurative inflammation and abscess-formation, as discussed 
in § 94. 

§ 202. II. Chronic lymphadenitis. Chronic inflammation of 
the lymphatic glands differs from the acute form not so much in 
the slower rate of change, as in the permanent character of 
its results. Several very characteristic forms of chronic inflam- 
mation may be distinguished. First we have a true overgrowth 
of the lymphadenoid substance, which indeed is only to be 
observed in the tonsils and the follicular glands of the fauces. 
It consists in a uniform increase in amount of all the histoloorical 
constituents of the follicle, sc. the reticulum, the vessels, the 
lymph- paths and the cells. Each single follicle attains fix>m 
three to five times its normal volume, without exhibiting any 
striking alterations in its texture. 

The leukhaemic form, considered above (§ 181), is most 

closely related (from an anatomical point of view), to this true 

• overgrowth ; it differs from it in bearing more of a functional 

character, and also in the mode of its causation ; for it is not a 

result of repeated catarrh of the corresponding mucous surface. 

§ 203. We come in the next place to a form of chronic 
enlargement which only occurs in individuals specially predis- 
posed, and which is therefore regarded as pathognomonic of 
what is known as " Scrofiilosis." 

We employ the same word, in a more restricted sense, to 

' denote the disease of the lymphatic apparatus ; since our general 

conception of scrofulosis embraces the primary lesions together 
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with the morbid state as a whole — ^the constitutional taint of the* 
affected person. Those primary lesions are sometimes charac- 
terised by their destructive tendency, as in the lungs and the 
osseous system ; sometimes too, they exhibit no special charac- 
ters whatever. It is among the latter group that the glandular 
affection takes a prominent place, receiving the name of scrofu- 
losis KOT* cfoxiyv. 

§ 2Q4. The tissue-changes which result in scrofulous enlarge- 
ment of glands may be regarded in the light of a partial over- 
growth of the gland-substance, in so far as they consist, not in 
a uniform increase in bulk of all its structural constituents, but 
in a multiplication and enlargement of the cells only, which make 
up the ^^ enchyma'^ of the gland. I lay emphatic stress on the 
enlargement of the individual elements which accompanies their 
increase in number, because it appears to me that this enlarge- 
ment is not only a constant phenomenon, but one which stands 
in an intimate relation to the numerical increase. For in the 
interior of the enlarged lymph-corpuscles a nuclear proliferation 
and endogenous cell-development take place, like that which we 
have already seen in the cells of tubercle, and that with which 
we shall hereafter become acquainted in the ^^ typhous" deposit 
It is interesting to trace the sequence of the morbid changes in 
the interior of a gland. We find that the first parts to become 
affected are those which are on the immediate brink of the stream 
of lymph, and which are consequently the first to be exposed to 
the pathological irritant brought from the peripheral seat of 
mischief. At a very early stage, the stellate corpuscles which 
traverse the lymph-sinus (across which they may be said to be 
stretched) begin to take part in the process by division of their 
nuclei and proliferation of new elements ; this occurs partly at 
the circumference of the gland round the terminal nodules 
(Endkolben) partly in its medullary substance ; in either case- 
we have an infiltrated material of soft consistency, which appears 
of a dull-grey or reddish-grey hue to the naked eye, and which 
is present in largest amount, where, under normal conditions, a 
system of intercommunicating lacunse separates the constituent 
parts of the gland firom one another. As a result of this, the 
limits of contiguous lymphatic nodules (Lymphkolben) in the 
cortical substance, and of contiguous lymphatic trabecuke in the 
medullary substance, are wholly obliterated ; and in proportion- 
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as the proper gubstanoe of the lymphatic nodules and trdbeealae 
takes part in the pathological proliferation, the cat snrfiice ceases 
to present any diBtinction of parts, and the whole gland appears 
converted into a homogeneous substance of a duU-grej hue. 

This brings ua to the culminating point of the whole pro- 
C38S ; the scrofulous bubo is about as big as a walnut when the 
unaltered gland was no bigger than a bean ; according to the 
amount of moisture present, it may be either soft and flabby, or 
firm, elastic, and even springy. Meanwhile the process does 
not long remain stationary at this point. The newly-formed 
-substance not only blocks the lymph-paths through the gland, 
but it also squeezes the blood-vessels to such an extent that the 
circulation is entirely arrested. It becomes impossible to force 
injection of any kind into those parts of the gland which are 
most swollen. . With the arrest of the blood-supply nutrition 
of course ceases, and the gland falls a prey to ^^ cheesy degenera- 
iion." Where this occurs, the grey mafis loses its transparency ; 
it then becomes yellowish-white, opaque, dry and friable. 
Should the entire gland have become cheesy, it resembles on 
section ^^ a fresh potato — ^not indeed so moist, but quite as homo- 
geneous, and of the same yellowish-white colour" (FtreAotr, 
Greschwiilste, vol. ii. 593). 

§ 205. The fate of the cheesy glands (Tyromata) appears to 
depend in the main upon their situation. For while in the mesen- 
teric glands we nearly always observe a subsequent shrinking, 
due to the reabsorption of whatever fluid they may stiQ contain, 
and sometimes also a deposition of earthy salts and consequent 
petrifaction, the lymphatic glands of the neck commonly end 
by undergoing softening. The cheesy deposit melts from centre 
to circumference into a yellowish whey, in which fatty-granular 
debris are suspended in flakes of variable size. When the whole 
of the pheesy matter has thus been liquefied, the parts imme- 
diately around the gland usually take on inflammatoxy action; 
and this prepares a way for the escape of the ^^ ecrofulons piu.'' 
When this has escaped, a ^' scrofrilous ulcer*' is left with its 
flabby, overhanging, bluish and congested edges. Finally the 
opening closes, and the point at which the abscess burst is only 
indicated by a puckered and stellate scar. 

VircJujw has recently described a third mode of retrograde 
metamorphosis which is certainly the most desixaUe one of the 
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three. It oonsistB in the complete resolution of the cheesy 
matter. It takes plaoe, in all probability, by a liquefiu^tion of 
the gland at its periphoyy followed by absorption of the result- 
ing floid into the vessels of the capsule which are dilated by 
coUateral hypenemia. 

§ 206. We have yet to speak of chronic induration ; a pheno- 
menon which belongs to the category of inflammation. Attention 
has already been called to the fiict that it is only the rapid 
accnmnlation of lymph-corpusdes in the lymphadenoid substance 
which causes rupture of the reticulum ; tliis of course implies 
the conyerse proposition, viz. that a slow and gradual increase 
in the number of the embedded cells is not followed by any such 
damage to the retiform tissue. Nay, we find the chronic changes 
associated with a very marked ^^ reactive '^ thickening and elonga- 
tion of all the trabeculas of the reticulum. The latter accord- 
ingly increases in bulk to such an extent that the corpuscular 
elements come at length to occupy very little room in comparison, 
and the entire gland becomes tough and fibrous. 

§ 207. in. SyphUia. The indurated chancre (§ 110)— the 
primary manifestation of constitutional syphilis — is followed by 
a chronic induration of the corresponding lymphatic glands; 
this is known as the '^ indolent bubo"; the induration however 
is due not so much to a hardening and quantitative increase of 
the reticnlum, as to a very uniform though by no means 
luxuriant proliferation of young cells in all parts of tlio gland. 
Eveiy vacant space is crammed with cells ; and here the matter 
ends, at least for the time. Injection by simple puncture causes 
a similar, though of course only transient enlargement and 
hardening of the glands. Tliis condition may remain unaltered 
for months and years together ; it seldom proceeds either to a 
more acute inflammatory activity on the one hand, or to casea- 
tion and necrosis on the other. Ultimately, however, a fatty 
degeneration of the cells sets in, the dibris are reabsorbed, and 
the gland returns to its normal state. 

IV. Typhom degmeraiion (§ 112) of the lymphatic glands, as 
a specific result of corresponding lesions of the mucous mem- 
brane, will be discussed among the diseases of mucous membranes. 
The histdogy of the process is characterised by a cell-form which 
has already bean briefly described in § 112. 

§ 208. Y. Sarcoma. Lymphadenoid sarcoma has its proto- 
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type in the tissue of the lymphatic glands; henoe these are 
among its most favourite localities. It begins as a simply hyper- 
plastic enlargement; at a later period it assumes its true character 
as a progressive growth. Several subspecies may be based on 
its variations in consistency and colour, in rapidiiy of growth 
and malignity. The least malignant forms, whose growth is 
least rapid, and whose texture is hardest, are characterised by 
the simultaneous implication of a whole group of glands, e.g. of 
all the glands of the upper or lower cervical fossa. A highly 
lobulated tumour is produced, often of large size, every one of 
whose lobes corresponds to a swollen lymphatic gland. The 
vessels and nerves are variously dislocated, and the removal of 
the mass by operation rendered almost impracticable in con- 
sequence (Pseudoscrofulosis). 

A second variety, much softer than the first, and made up 
of larger cells, is especially prone to perforate the walls of veins 
and then to extend in their interior (cancer of veins). We some- 
times find all the veins in the fix)nt of the neck or in the groin 
filled with sarcomatous thrombi of this sort ; these of course aiford 
excellent materials for embolic accidents. The precise mode in 
which this intravascular extension takes place has not yet been 
satisfactorily ascertained. From microscopic investigation one 
gets the idea that the first step is a coagulation of the blood, 
and that the farther growth of the sarcomatous mass proceeds as 
it were under cover of this clot. Others again assert that the 
clot is directly converted into sarcomatous tissue. 

A third set of lymphadenoid sarcomata are marked br 
their tendency to break through the limits of their parent-gland 
at an early period, and to cause extensive infiltrations of the 
loose areolar tissue in its neighboiurhood. In rapidity of growth 
and malignity, these tumours do not yield the palm to any species 
of sarcoma, though they never exhibit an alveolar structure. As 
regards treatment, they ought not as a rule to be meddled with, 
although the observations on the fatty degeneration and absorp- 
tion of sarcomata in consequence of intercurrent erysipelas, given 
in § 92, referred to this very species. 

§ 209. YL Carcinoma. One of the most interesting pro- 
blems in histology is the discovery of the way in which a primary 
cancer infects a neighbouring lymphatic gland ; and should the 
a priori hypothesis, that it is due to a migration of cancer-cells 
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from the primary growth, turn out to be weU-fouided| it is 
desirable to ascertain farther, the exact point at which these cells 
are arrested, and how they give rise to the first nests of cancer- 
cells, whether by proliferation or by infecting the adjacent lymph- 
corpuscles. After many investigations specially directed to this 
point, I can only say that the transformation of the lymphadenoid 
tissue into the substance of a glandular cancer takes place very 
simply; the trabeeukd of the i*eticulum increase markedly in 
length and thickness (just as in chronic induration), its meshes 
become enlarged from ten- to twenty-fold, and are occupied by 
the specific elements of cancer instead of lymph-corpuscles. TIius 
the structure of tlie lymphadenoid tissue seems to pass directly 
into that of the cancer, the reticulum becoming the cancer- stroma 
while the Ijrmph-corpuscles are converted into cancer-cells. 

Epithelioma of the lymphatic glands presents us with pheno- 
mena of a much more complicated order. The law regulating 
the metastasis of morbid growtlis, sc. that the lymphatic 
glands nearest to the seat of disease are the first to become 
afiected, is obeyed with peculiar strictness by epithelioma. 
Hence in epithelial cancer of the lips, the submaxillary lymphatic 
glands are the first to swell, in cancer of the penis or the labia 
majora the inguinal glands, in cancer of the scalp the cervical 
group of glands. The metastasis commonly goes no farther, as 
the extensive disturbances operated in the mean while by the 
primary growth usually kill the patient before any such further 
extension can occur. 

The swelling usually begins at the periphery of the gland. 
This becomes nodulated ; one of the nodular projections gradu- 
ally increases in size till it incorporates the rest into itself. The 
gland ultimately attains from two to three times its normal 
dimensions. In a group of glands we can usually see one which 
exhibits the first beginnings, another some intermediate stage, a 
third the highest degree of enlargement. The biggest lumps 
(equal to a pigeon's egg in size), nearly always contain a central 
cyst due to softening. The smaller and smallest ones are dis- 
tinguished by their white colour and their tough, dry consistency, 
which contrasts sharply with tliat of the unaltered portions of the 
glandular parenchyma. Tliis normal parenchyma however, at 
least in the neighbourhood of the smallest nodules, is normal 
only in seeming. The microscope proves that it has already 

16 
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nndergone Mine Terj" interesting changes, wbi^ enable as to 
judge of the mode ia whieh the inaa» of epitbdkl cdls first 
originates. K we feUsw ap the weU-known epttbelisl (finders 
to their ori^n, wa shril find the earliest signs of the approw^ng 
change to eoiraist ia &b aggregation of from inm to five epithelial 
nSs in e^Mces of raiwu^ mze, which are not bounded by the 
detieate lymj^Mdeseid reticnlnm, but are nesbes m that net- 
work of' Bscleated, protoplasnic corpmclcR wbteh traTecseH the 



!R[)ilhe1ial cancer. Origin of the Bmallest nodnlea in the rati- 
form tiasne of the Ijmph-path of the gland. 5. Sesheaor 
tlie rcticnlnm ; rr. A^oining connectiTe tiasne. 

pcripbenl lymph-sintia and the lymphatic cbotmels of the- 
loedullaiy rabatance. I belieTe these epithelial ceUi to have 
migrated &om the primary growth, and I regard tii* oharaotar- 
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istic changes which the cells of the reticulum in their neighbour- 
hood haye undergone, as a result of ^^ epithelial infection "; for 
thej increase in size, and their anastomoses become broader, the 
final result of these changes being a structure (fig. 76) which recals 
in some degree that of the secreting network of the liver. The 
firequent occurrence of double nuclei points to an independent 
multiplication of tiba cells hj fianon. In the face of this appear- 
ance, and of the fact that iiie alteratioa is only met with in the 
neighbourhood of mature, concentrically laminated epithelial cells, 
can we hesitate to believe that the cells of the reticulum are 
actually converted into epithelial cells ? I ought to add, that the 
retifi>nn fltmcture petsiflta ibr a long time, and vkxy even bo 
d eumuslm ted in cancroid nodoks which are largp eaoi^ to be 
reeogniaed by the naked eye. 



1 1 -MORBID ANATOMY OF THE CIRCULATORY 

APPARATUS. 

1. Diseases of Abtebies and Veins. 

§ 210. Before entering on the pathological histology of tlie 
vascular system, I must say a few words about its normal struc- 
ture ; and this chiefly because current expositions of the subject 
leave several disputed topics undecided ; inasmuch however as 
these are most important for the due appreciation of morbid 
changes, I feel bound to express my opinion concerning them at 
the outset 

As might have been anticipated a priorij all the vessels of 
the body are constructed on a uniform plan — ^which is best 
elucidated by tracing the course of their development 



Pig. 77. 
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Jjot a — b represent a capillary loop, and a — p the boundarj- 
line of a growing organ. The blood flows from a to 6 under a 
certain pressure, at a certain velocity, and with a certain 
tension of the vascular walls. Let the pressure, the velocity 
and the tension be each represented by unity. Now when the 
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progressive growth of the organ transfers its boundary-line 
from a — p to y — 8, the capillary loop a — h will no longer suffice to 
carry on the nutrition of the extended vascular territory. A new 
capillary loop^ e — dy is produced. Like every vessel in the organism, 
this springs from a pre-existing vessel. Suppose, what is quite 
possible, that its two extremities are implanted into the capillary 
loop a — bj in just the same way as the loop a — h is connected 
with its parent-vessel. The enlargement of the blood-path 
entails an increase in the amount of blood, so that the current 
passes through <;—<2 under the same pressure, velocity and tension 
as it did through a — h. But these values do not continue the 
same for a — h. Taking a transverse section through a, we see 
at once that through it flows not only the blood which fills the 
capillary loop a— ^ under a pressure, velocity and tension each 
of which equals unity, but also the blood which goes to fill the 
loop c — d. Assuming that c — d equals a — h both in length and 
sectional area, the pressure, velocity and tension at a must each 
equal two. Continuing this train of reasoning, and assuming 
that with the farther growth of the organ, fresh capiUary vessels 
are again and again projected from the old ones, the pressure, 
velocity and tension must increase proportionately in the afferent 
and efferent vessels; greater demands will be made on the 
resisting power of the transverse sections a and K We might 
accordingly expect to find the vessel increasing in calibre and its 
walls growing progressively thinner. It does in fact increase in 
calibre, but its wall does not grow thinner; a peculiar law, 
which regulates the growth of the entire vascular system, comes 
into operation at this point, a law according to which any in- 
creased demand upon the resisting power of the transverse 
section of a vessel, is met by a proportionate thickening of its 
walls (hypertrophy and dilatation). The wall of the vessel 
grows thicker, one limb of the capillary loop becoming an 
afferent artery, the other an efferent vein.* 

* Strictly speaking, our scheme is only applicable to cases in which 
a capillary area is provided with a single afferent and efferent vessel, 
i,e. to r9li(i mi/rabiUa. In order to make it suit oZl the varieties of 
circulatory distribution throughout the body, it is necessary to add that 
anastomoses between neighbouring capillary areas render the forma- 
tion of larger and finally of absolutely large vascular territories possible, 
the artery of one area bringing enough blood for both, while one vein 
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j 211. No one has ever yet sem ihe tatati dabuk of die 
prooees hy which a capillaiy veesel is canrertod into a Bmall 
artery or vein. In tiiis as in many otlisr cms, we are com- 
pelled to draw onr conclasions as to -whaX cotaally oooon, by 
inference from what has gone before or iriiat oomea after. Hie 
wall of a capillary vesee) condsis of a homogeneous, glassy 
mMubnine \3eeet at intervale with nndet By ii^regnating tibis 
membrane witih silver nitrate we an able to provs that it is made 
Tip of plates accurately adapted to eaoh other; to aboot ihe 
middle of each plate a sncIetiB is fixed by a little soft protoplasm. 
The plato itself may be viewed as a tliin layer of liardened 
protoplasm. The capillaiy memlmine passes unintermptedly 
into a somewhat thicker, vitreous lamella whicii existe in all the 
arteries and veins, even in the aorta, at the junction of the 
internal with the middle coat ; Hiis lamtfla may ahrays be recog- 
nised in transverBe sections, not only by its greater lustre, but 
by the uniform sinuosities of its double oontour, whidi are due 
"to the '&ot that owing to its defident oimHaky, -it fi^ws the 
variations in calibre of the vessel, not by ahEmate condensation 
and rarefaction, but by becoming folded and unfolded (fig. 7S, by 
On the inner snr&ce of this membrane, the tunica intima and 
^itbelial lining are developed ; on its outer sur&ce tibe moBonlar 
ooat and tunica adventitia. ^Hm neoeasKiy msterinb are fur- 
nished by proHforation of the oells of the capillary wall, as may 
readily be seen in the srterioIeB (Ueba;gangagdiLaBe). 



Vertical seotion tJmmgfa tiie inner coat of UiB acrta. Var 
tctfUatialaan. mi text- f^ 

[Die tunica inlima of tlie Uu;gar aiteriea and veins eohibits 
the same appeatanoee both in ktogitodinal and tzaDsverse wctionB ; 

Boffioeg to ratnnt tiM blood fhm both anas totha haart. ItiBobrioas 
tbat moh mo^Soatioin twnot ahv On bui girt of 
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I refer to the vtriated luuells of Menle, which present Umdi- 
selvee andar a jnagnifyiDg ptnrer of 500 (Uuneters (fi^ 7£) as 
finely striatBd, vary hiyere of basift-Aabetuice (of connective 
tieetie), in vhcee intm^oes Suttoned, loutiQalar oorpOBclee are 
flmbeddad. In theee odl-oontaiaigg qiactt, the oppowd sar&oes 
of the bfaia-Bubatanoe exhitut a peculiar, boia(^;eoeoDB luatre ; 
moreover, they preaent a double oontoor, which makes each eeH 
appear as if sozronnded by a spetual capsula Ihe plsusibjlity 
of this view is enhanced by the appearances presented in hori- 
zontal BeotJcois .(fig. 79) which show how dosely t^is peculiar 
property c^ tlte ba^-subataace is aoaueeted with tlie diatriba.- 
rio. 79. 



Horizontal acction tfbrongh tlie inner coot f£ tlie aort&. For 
«Bplanatioii iw "text. ■^. 

tioQ jof the celia. The coU-oontaining spaoes appear of a stdlatc 
form, with hranohing prolongations whidi «naBtem«ae with one 
another. The whole airangement reninds us very J^d.bly of 
the oeD-cootaining capsules of caciila^ Bnt -casi we be sure 
that the stollate capsules of the intima ue really dosed ^apitias ? 
For it is undoubtedly true that in those morUd jffoducds whidi 
spring from the intima, the newly-derel»ped<oelle are ioud ittot- 
^de tiie "connectivfi-tiseue oorpnsdes," as w«U as within iliem ; 
this fbrees ns upon the horns of a dileBuna; Sat ekher 'they 
cannot have sprung fi»m these oonneative-juame oot^asclea, or 
else ibey must have escaped from die -et^iBalas. We may pio- 
visionally j^gard tliem as letuMKTjrtes ii^uoh hvft nugiated fiion 
Oebbod. 

The structure of the ^liima Jias mt lutharto neetved ithe 
attantion vldeh it nuudte ; on this ^NHmd, and abe «aife b mm 
to its di wDoa , wliiah ^e are ahent to ooBBidar, I 1»tc lisgMed 
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rather long over it I may be all the more brief in my remarks 
concerning the two enter coats. The media^ composed of smooth 
moscular fibres, constitutes the main bulk of all the larger 
vessels. The transverse, nucleated spindle-cells impart a highly 
characteristic, annulose appearance to the smallest arteries and 
veins ; in the larger vessels the muscular fibres are disposed in 
bundles in a firamework of fenestrated lamellae of elastic tissue. 
From three to ten or more principal lamellsB, separated by 
regular intervals, lie parallel to the surface of the vessel ; each 
lamella being connected with its neighbours on either side by 
oblique buttresses. These buttresses are also fenestrated, so that 
the muscular bundles can pass uninterruptedly &om one com- 
partment to another. 

The adventitia consists mainly of unformed connective tissue 
abundantly permeated by vessels and elastic elements (mem- 
branes and fibres). In the larger veins, it may. sometimes 
contain longitudinal bundles of smooth muscular fibre. 

a. Inflamhatiok. 

a. Acute Inflammation. 

§ 212. The phenomena of acute inflammation of the vessek 
are intimately connected with those of coagulation in their in- 
terior; for they are exclusively, or almost exclusively confined 
to parts where a softening blood-clot is in immediate contact 
with the inner wall of a vein or an artery, irritating the coats 
of the vessel by the difiusible products of its disintegration. 
This coincidence is so frequent, that it formerly led Dupuytreii 
to invert the real order of sequence — to regard the acute in- 
flammation of the vascular wall as the antecedent, and the 
coagulation of the blood as the consequent. 

Even the most weighty and thorough changes operated by 
acute inflammation are by no means striking to the naked eye. 
We notice a hyperaemic state of the vasa vasorum, particularly 
at the junction of the media with the adventitia, and a thicken- 
ing of the vascular coats to three or four times their normal 
diameter, so that an inflamed vein may not be distinguishable 
on transverse section fi:t)m an ordinary artery. The normal 
smoothness of the inner surface gives place to a cloudy, opaque, 
or even velvety aspect. In rare cases, we notice little collec- 
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tions of matter, forming pustular elevations of the intima. The 
mioroscope tells us much more about the condition of a vessel 
thus altered. Its entire wall is in a state of inflammatory pro- 
liferation. Thousands of young elements, which may be sum- 
marily termed pus-corpuscles, lie between the fibres of the 
adventitia, between all the layers of the muscular coat, between 
the striated lamellae of the intima. In the adventitia, besides 
the cells, I have occasionally found larger aggregations of an 
amorphous, jelly-like material, which I regsurd as coagulated 
lymph ; here also, as well as in the outer layers of the muscular 
coat, extravasations occur, which extend along the vessel for a 
variable distance. It seldom happens that the pus-formation in 
the external coat goes so far as to cause abscesses. When it 
does, the abscesses are like long streaks of creamy pus following 
the course of the vessel ; they must not be confounded with 
vessels which may happen to be filled with softened thrombi. 
The intima is less constantly involved in the morbid process; 
indeed I might almost say that in the majority of cases the 
intima is less altered than either of the other coats. It depends 
for its nutrition so much upon the blood which circulates in the 
vessel, that the occurrence of coagulation at once cuts off its 
chief soiu'ce of pabulum, and leaves it a prey to necrosis, unless, 
as in the organisation of thrombi, vessels are forthwith developed 
in the coagulum. The passive behaviour of the intima must 
therefore be attributed to its lack of vital energy and nutrient 
material ; and this view is confirmed by the observation that the 
farther progress of the mischief not imfrequently results in a true 
necrosis of the intima and its detachment from the middle coat. 

§ 213. Apart from thrombotic arteritis and phlebitis there is 
hardly such a thing as acute inflammation of the walls of vessels. 
On the other hand, I must remind the reader that the vessels 
are continuous by their adventitia with the general connective 
tissue of the organs — that, rightly understood, the walls of tlie 
vessels are really a part of that connective tissue, and are there- 
fore capable of taking a most active share in all inflammations, 
however acute, of the various organs in which they ramify. 
Indeed we shall find that in many of the inflammatory disorders 
of internal organs, e.g* of the pia mater, kidneys, &c., the chief 
seat of the morbid changes is in the adventitia and the imme- 
diate neighbourhood of the vessels. 
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p* Chronic In/lammatiotu 

§ 214. Chronic inflammatory changes may oeeur in every 
part of tiie vascular system ; but they are nowhere so im- 
portant as in the internal coat of 'die arteries, irhere ibey give 
rise to the endoarleritis chronica defamums of Virchow. Hbe view 
that this disorder (also known as afhraitnna) is of an inflamma- 
tory character, is by no means of recent date. A peoitliai4y 
transparent material which projects above ihe levd of the intima^ 
And which, as will presently be seen, is nolihing more tiian flie 
altered intima itself, used to be regarded as an inflammatory 
exudation, and the entire process was accordingly viewed as an 
exudative inflammation. An obvious objection to this view is 
that the exudation, in its quality of liquor sanguinis, bad no 
occasion to ooagnlate at Ae very moment when it was i^eanited 
with its parent fluid. Accordingly, RokUanski started the theory 
that the substance in question, though really coagulated fibrin, 
had not exuded from the vasa vasomm, but had been predpi- 
tated at flie inflamed 'pomt of the vasccflar wrfl (wbore it fermed 
a deposit), from the blood-current itself. This position likewise 
<2ame ultimately to be untenable. Ldstetn^ and after bim VtrcJiawy 
taught us to look for the essential part of the process in an aHiora- 
tion of the proper tissue of the intima, and to efiminate what- 
ever substances might afterwards bave been depodted at die 
seat of mischief from the blood. Virchow laid the ibnndations 
of our present theory concerning the morbid change in question. 

§ 215. It consists in a chnmic inflammation of the imier 
•coat of the vesseL True, we cannot detect all the cardinal symp- 
toms of inflammation, but only swelEng and perhaps impairment 
of function ; but the finer alterations which the intima imdergoes 
are throughout analogous to those which occur in oormective 
tissue under the influence of prolonged irritation. There are 
many grounds for thiiddng fliat a mechanical irritaffion of &e 
vascular wall may be at leaist one of the eauses to which the 
morbid thanges are due. I'Vir these are chiefly found at such 
points as -are exposed to the fall 'Btress and impact of the blood ; 
^,ff, tire vpper eurvatore of the aortic arch, tfie poiirts d£ ori^n 
and biftffcation of ihe veas^. fifiU, meehameal irritofion must 
not be regarded as the acAe oauae of the disorder, iho^gh it 
determines its loe^Xsation. Among dflier precfisposing causes are 
advanced age and firee living, ospeddly a firee use of alcoholic 
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etimiilaDts. The eta<4ogy of goat is very wmilar to tJiat of 
endoartoritiB ; Itenoe tlie two diseasee are often icnmi togertber. 

§ 216. 'Bie ooramoD starting-point of all ibe leaionB due io 
chronic eodovteritis is to be foimd in certun &t and Knoodi, 
seldom tcberooB deratioas on Ihe inner ooat of lite artevias. Tkt^ 
rarelj project more tJian a line above the anrftoe ; their nurgtDB 
are rery irregolar. At Ae point where a vessdi is gmn ffS, tiiey 
wicircle it ring-^hion. They raiy to some extent in ocdonr 
and conBiBten(7, yet they may be generally deeoribed aa blniah 
or reddish grey and cartila^nois ; sometimes tliey mity «xfaibit 
more of a gelatinoira or mocoid oonsistaicy. 

Ab tc^rds tiie mioreseopio appearances, let me insist onee 
more on the fact, of whii* w» may readily assore oniwlves by 



Chronic «ndoArteritia. Section tfarongk an indurated fdaration 
of the inner coat, which ie ^readj ondargoing bttj de> 
generation in its interior. ^ ; i. Junction of inner and 
middle coata ; a. Inner coat ; M c this ia hyperplastic and 
thickened, wliile at d it baa 'beoome (xniTerted into an 'a£he> 
romstonB obBcesB. For details Me text. 

examining sections ihrongh the wif ^TiB of tiie sw^len part, that 
Hie oBtermoBt Imnella of the intuna, wlmA is mai^fy Isast 
altered, paaBea mmiternipt«d^ ov«r tbe nrftoe of the amil^g; 
Ihat the change ooBsists llier^we not in a deposit i^Hm, but ra -aa 
actual tlwAsning ^ ^ momlnane HeOf (^. 90, m—t). We 
may Anther regard H as oedain tbat we bm to4e iriA a pn- 
iifeTalion in and fivm Ha oannsetive tJssne of tiie iiitinm, "W^icit 
fan coasedK peeitireinereaee in its'ballc ; yomig oeUs m ooontiMS 
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nnmberB are everywhere distributed between the lamelke ; here 
and there we oome upon larger aggregations of such cells. From 
these nest-like deposits, as centres, new systems of concentric 
IftfnflllflB of connective tissue originate, which are intercalated 
between those already existing, thereby dissociating them firom 
one another. For the production of fibrous intercellular sub- 
stance advances pari passu with the multiplication of corpuscular 
elements ; the latter never preponderate to such an extent as to 
make the products in any way resemble pus. We rather meet 
with scattered patches in which a soft, mucoid character of the 
intercellular substance is associated with a retiform arrangement 
of the cells — patches, therefore, of mucous tissue. Taking the 
phenomena in their entirety however, we cannot but be struck 
with the close similarity of the morbid products to the normal 
texture of the intima ; hence we must regard the first stage of 
the process, the so-called sclerosis of the intima, as an in/lamnia' 
tory overgrowth, 

§ 217. With this inflammatory overgrowth of the intima, 
the process culminates. As often happens in the case of morbid 
growth, time brings about a disproportion between the means of 
supplying nourishment and the mass of material which has to be 
nourished. The intima contains no vessels. It draws its pabu- 
lum directly firom the passing blood. The vasa vasorum, which 
are never lacking in any of the greater vessels, barely penetrate 
into the middle coat Should the intima therefore become 
thicker, those of its layers which are fiuihest removed from the 
nutrient fluid, ue. the outermost layers, those next to the middle 
coat — ^will be the first to suffer fi*om lack of nourishment And 
here, two modes of retrograde tissue-metamorphosis may be 
observed side by side. The first and most extensive of these is 
a fatty degeneration of the cells, combined with solution of the 
intercellular substance. The naked eye detects in the interior 
of the hardened elevation, just upon the limits of the media, 
opaque yellowish-white striae, running in a direction parallel to 
that of the surface, and uniting to form a more equably yellow 
spot Should the morbid change be more advanced, this is re- 
placed by a ^^ focus of softening ** of variable size, occupied by a 
friable or greasy pulp of the same yellowish hue. The presence 
of oholesterin crystals in large numbers gives this ^^ atheromatous 
pulp *' a spangled lustre. Should the focus of softening have 
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attaioed larger diiuensions hy the progressive iiquefactioD of the 
indarated tissne, should it e.g. be ROparated from the blood- 
current by onlj a thin layer of unaltered intima, we call it an 
atheromatout abxxM. When this layer at laet ^vee way at its 
thinnegt part, the pulp mingles with the circulating fluid, the 
base of die "fbcua of softening" is laid bare and we have an 
atheromatous ulcer. (For continuation tee next section.) 

Figs. 80 and 81 are meant to elucidate the faistologioal de- 
tails of atheromatous change. In fig. 81 we see, under a high 
power, that the fatty metamorphosis of the cells of the intima 
priisentB itself as a distension of the stellate interstices of its oon- 
Tiective tissue with oil-globules. It would seem however, as 
though these preformed laounse were the depositaries of <Jl the 



Conncctivc-tisBae corpuscles of the intima in a state of fatty 
degeneration, t^. 

fatty d^trig, including those derived from the younger and more 
Boatterod cells, since a vertical section tbrougli an atheromatous 
abscess (fig. 80) shows the oUy dibru to be infiltrated into fusi- 
form spaces, separating the contiguous lamellie of the intima 
from one another. These fusiform cavities undoubtedly cor- 
respond in position to those points at which the cells are inter- 
calated between the lamellae of the intima (fig. 79). The greater 
the amount of oily debris, the longer and the thicker (in trans- 
verse sectiona) grow the spindie-sliaped cavities ; the lamellee ore 
forced farther and farther apart, and are finally softened and 
disintegrated ; whereupon the oily matters fortliwith unite to 
form a greasy pulp which fills the cavity due to softening 
(Erweichungshohio). (Fig. 80, </.) 

§ 218. The form and size of atheromatous ulcers naturally 
vary quite as muoli as those of the induratetl swellings which 
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pcvceded th^n^ Thej are at first ^nuous; ue. a probe pame^ 
tlizoiigt a saaall hde into a cavity which burrowa some way 
undemeaitb the sucfiioe^ This cavity is that of the former abaoefla; 
it msy be zB^ra oir leaa distended with ooagalAtad blood; as a 
rule li IB empfy^ Moreover the thin mfflnbrane by whidi it is 
still roofed in,, has a tendency to roll up firom the hoie to the 
margins of the cavity — ^the aperture increasing propoctioDately 
in siae ; mece rarely^ it is detached in shreds ; in any event, 
the open aiherM&fliiOBS nleer forms so marked an ineq^iality of 
thesoc&oe^ thafc it may readily give rise to rnagnlntkin : the 
adherent thvomlM may be of oon^erable Iffligth, han^ng from 
the wall of tiie vessel into its interior.* 

§ 21d. The second mode of retrograde metamorphosis which 
is met with in association with atheromatous degeneration, also 
begins as a rule in the deeper parts of the indurated intima. It 
consists essentially in an impregnation of the intercellular sub- 
stance with earthy salts — a calcijicatiotu It gives rise to bone- 
like plates of variable size and form, often so largo that e.ff. the 
entire aortic arch is converted into a single bony tube. We not 
unfrequently find a number of small bony kmellas, not exceed- 
ing hdf-an-inch in any diameter, scattered through the intima ; 
the finger at once detects their presence. When shelled out of 
their capsules, most of them exhibit a saucer-like depression 
which corresponds to the cun-ature of the vessel ; their edges 
are sharp. These edges are the first to perforate the superjacent 
layers of the intima, &rming jagged projectiois afid affording 
&efih oppertnnities foar the produetiea of thrombi. The partial 
detaelua^at of larger bony lameihe in conseqa^ioe of fiitty 
degeneraition of the. sunounding parenchyma is noi unusual ; 
complete separation however is inre. 

I have never been able to eonvince myself tliat true bone ia 
really formed, althoogh this mi^t fairly be inferred £rom the 
process being uenally des^naied '^ ossification.'^ The lameBiFi of 
the iatbaa are »mply caleified and may be restored ta their 



* Is ih& interior of an atberoinalxKis deposit which was ntarly qnte 
aaftened^ I observed a sraall, bntton-like, soft ma0B» whisk fwntaierf 
blood-vessels and bad evidsntly grown from the middle ooaL Qn mora 
careful examination I discovered a whole series of such buttons nndar 
the same indurated patch. They consisted, apart from the capiSary 
loops, of hyaline mncons tissue who^e cells had undergone fii^ljr de- 
generation. (20th July, 1867.) 
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jHreviona st»te bjr treatoMni wikk dilute hydrodblorie acid; it» 
cells hawevet have eeaaed tc eadst ; I luure nerer seen anything 
worthy of beings called a bone-corpiiacle* 

§ 220*. So maah fbc chranic endoarteritis in the narrower 
sense of the teem.. Jka adaqjoata estimate of the eact^iaiye lesions 
wJiich it canaes, espeeidlj in the aorta — lesions whieh^ in ad- 
vanced easesy may leanre handly a square inch <^ its anr&ce intact 
— can only be fonned firaia perscnal ohserratitMi;. To render 
onr anatomifflil sketch of the disease eon^letey we ought to say 
something aboni two other proeesses^ T^bieh the praetitiouer ii^ 
not at the peine to- distiBgiiisk yeiy strietly from ehronic endo- 
arteritis, inasmndit ae they are* in &et very commonly combined 
with it 

First the% a &ity ikegeiuBsitmB of the intinia may esdst, with- 
out any prerioos iofiannnatocy' erei^rowtb of the membranes — 
a morbid dumge which ifr snoply degeneratiTe from the firsts 
and of whose immediato e ansea we know nothing. Histologi- 
cally, the process ie exactly like athercMuutona d^enacation ; a 
&ity transfiomation* of Hbe cdb (fig* &1) being fiAowed by a 
gradual fiquefiictioni of the^ lameBse. This ^^fiitty erosion'" 
(fettige Usor) of Va^AmF, starts kimiediately firomi the inner 
sur&ee of the yeaeel, and pirogressea firom within outwards, 
destroying the intima layer by layer. Moreover, the disease is 
always eonfiacd tai smaU^ Aarpky circiimseribed spots; in the 
aevta aadl laager avterats it causes a very pretty marbling of tlie 
storfaee,. tiie affeeted parte being remghy opaque and velvety. 

^ Fatty esosirai." ie often met with ia persof» otherwise quite 
healthj. It nmst^ however,, tend directly to impaiir the resisting 
power of the vessels. Experience tells us that when once the 
intima is wheUy destroyed^ be the perKsration ever so small, the 
muacular media,, notwithstanding its thidcness, is unable to cope 
with the pre oarn ' o ef the bkod. The museular fibres are sepa- 
rated from one another, and a transverse fissure results^, through 
wfas^ tibe blood ftircea its way, eitknr produeing a dissecting 
anamam by peeling off the adveniitia, or else bursting through 
it and eseaping esitenullj. This explains the fireqoency of 
hflB m o r ihagea into the meet diverse oi^ns,. occurring in con- 
nexion with atheroma (e.^. the brain, kidneys^ Sui,\ Moreover, 
fiitty erosion of tlm inner eoat has a certain share in causing the 
transverse rupture of tiie aorta which leads to dissecting aneu- 
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rism of that vesse]. This accident is usually regarded as simply 
a result of the concomitant hypertrophy of the left ventricle. 
The rent is usually situated about a finger^s-breadth above the 
semilunar valves ; it extends at first only through the internal 
and middle coats ; the adventitia is peeled firom the media ; the 
blood tunnels its way between them, upwards as far as the heart, 
downwards as far as the descending aorta ; it never gets as far as 
the abdominal aorta. When the sac thus formed is stretched to the 
utmost, a second rupture occurs, either outwards into the medias- 
tinum, or (a rare event) inwards into the aorta at another point, 
so that for a short distance, the blood travels along two parallel 
canals. On examining the edges of the ruptured intima we occa- 
sionally find them in a perfect state of fatty degeneration ; further 
investigations however are required, before we can decide upon 
the frequency and causal moment of this complication. 

§ 221. Another, and a tolerably constant complication of 
chronic endoarteritis is calcification of the middle coat This is 
not so prevalent in those parts of the arterial system which are 
chiefly predisposed to endoarteritis (such as the aorta and itB 
main divisions), as it is in the relatively thick muscular coat of 
the smaller and smallest arteries, in those of the arm and leg, in 
the temporal arteries with their branches. Here too the process 
is one of simple petrifaction ; calcareous salts are deposited in 
the muscular fibre-cells, which reappear imaltered when the 
salts are removed by acid. Even without the aid of the micro- 
scope the probable seat of the calcification may be determined ; 
since the distinctly annulose aspect of the infiltrated parts can 
only be attributed to the transverse arrangement of the muscular 
fibres (fig. 82). 

Calcification of the middle coat, as an independent affection, 
apart from atheromatous change, is more rare. In cases of 
calcareous metastasis (cf. § 51) all three coats of the vessel are 
uniformly infiltrated as a rule. 

§ 222. Let us now inquire what influence the above-described 
alterations in the walls of the vessels may exert upon the move- 
ment of the blood through them. These alterations may be sum- 
marily classed under two heads : 1st, narrowing of the calibre 
of the vessel ; 2nd, rigidity of its tube. This rigidity, mainly 
due to calcification of the intima as well as of the modia^ causes 
11 certain proportion of the vis a tergo of the heart to be in some 
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measure ihtitlessly expeuded in tho productiou of lieat, and Uiua 
wasted eo far as the propulaioii of blood is coucemed ; whereas 
it would, under ordinary circumstances, have been stored up in 
a potential form, as tension of the elastic walls of the vessels, 
ready to be reconverted at any moment into active energy. 
Rigidity of a vessel therefore, while consuming the propelling 
force of the heart, indirectly diminishes the 
velocity of the blood -current beyond the rigid ^"'- ^■ 

point. Contraction of the tube from swelling 
of its waUs produces the same sort of effect, 
and that directly, by opposing Inclined pianos 
to tho current of the blood ; a variable propor- 
tion of the velocity is tbus (according to well- 
known mechanical laws) partly converted into 
pressure, partly wasted as impact. Beyond the 
rigid and contracted part of the vessel thero- 
fore, the movement of tlie blood is slower than 
it should be. This retardation of the current 
manifests itself especially in the extreme parts 
of the systemic circulation, in the toes, finger- 
tips, and nose. It may even amount in these 
parts to complete stagnation, and so lead to 
what is known as "spontaneous gangrene" 
(of. 5 9) an accident to which old people are 
liable. The state of things on tlie proximal 
side of the rigid and contracted part is the 
opposite of that just described. We know that 
the pressure of the blood at any point of tlie 
vascular system is proportionate tu the resist- 
ance to be overcome. If the resistance Is 
augmented (as it is both by rigidity and by 
contraction) the pressure Increases proportion- Artcria cruralie 

ately in those parts of the vascular system which withits branches. 
■;,.,, "^ , , •' e Middle coat cal- 

are bemud the obstruction. Increase ot pros- cilied. Natural 
sure in the entire aortic system is tliorefore a size. 
common result of atheromatous changes. Tliis stands in a com- 
plementary relation to the diminution of jiressurc and velocity 
beyond the contracted and rigid parts. It is self-evident how- 
ever tliat such increased pressure cannot last long without giving 
riao to farther conseijucnccs. Among tlieso may be noticed : 

17 
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Istj hypertrophy df the Ibft ventricle; 2itd, dildtation of Uic 
affected ves^ls. Each of these changes tends lo comp^dsatc for 
the primary lesion ; hence it is thdt the hypertrophy iS inretsely 
prb|K)Hionate to (lie dilatation. 



b. Dilatation Of the Vessels. 

«. Dilaiation of Arteries. -Aneurinn. 

§ 223. Attempte to introduce order among the infinite variety 
of forms presented by true aneurismsy ue, aneurisms involving 
all the three arterial coats^ used at one tinie to be based on the 
shape of the dilated vesseld ad a fundamentnm divisumis; thid 
led to the distinction of cylindrical, saccular, fusiform and vari- 
cose aneurisms. Thede attempts all failed. We dhould be more 
successful could we make use of the etiology^ the mode of origin 
of the various aneuridms, ad a clue tt) the diversity of the indi- 
vidual forms. But the etiology of aneurism is unfi}rttttiately 
very obscure ; and it may be long before it is finally cleared up. 
llypotheses indeed abound: E,ff. nothing Seems more tOmpting 
than to seek for the origin of the mischief ih a lack of elasticity 
or of contractile pow^r in the muscular codt Of all the com- 
ponent foments of the arterial wall the muscular fibred are 
ihode in which nutritive change id most active, and which, we 
may fiurly asdume^ are most duscepHble of nutritive didturbance. 
Hence 1 willingly take reftige in tbb hypothesis of atony of the 
middle 6oat, to explain tlie uniform cylindrical or varicose dilata- 
tion of all thfe larger artferies which id frisquently met With in 
old people, without the prfedenoe of liny tidible alteration in their 
walls. I likewise admit that it niay have dome, though indeed 
a less important share in the productioli of other fbrms of dilata-^ 
tion. The hypothedid of a simple distutbance of innervation^ a 
paralysis of the thuscular coat (Rdkitanski) is ledd widely appli- 
cable. Here too however there is at leadt one case in which this 
explanation commendd itself to us. I refbr to the anastoitiotic 
variety of anourism. The term denoted a varicose dilatation, 
elongation and twisting of the trunk and all the branohes of an 
-artery — the ectai^ of a limited dection of the arterial system. 
It occurs chiefly in the arteries of the scalp, e,ff. the occipital 
and temporal arteries, and reminds us too forcibly of that dilata* 
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tiou of the vessels of the head which follows division of the 
cervical nympatfaetic^ not to suggest a partid disturbance of the 
vasotbotor system as its probable cause. All these however are 
rare cases, and thtsrefore comparatively tinlmportant 

fi 224: What is shortly called an^uristti at the bed-side — an 
ectasy confined to H short pait df the aorta or some other 
artery, has its causes shrouded in great obscurity. It is usually 
complicated with bhronic endoartbritis. We must endeavour to 
ascertain how far this change is capable of contributing to the 
dilatation of an arterial tube. In the first place, we must reflect 
that ah overgrowth of the intima as such, augments the super- 
ficial area as well as the thickness of the inner wall of the vessel. 
The circumscribed patches of newly-formed connective tissue are 
not merely superimposed on one another; they likewise pene- 
trate horizontally between the existing lamellae of the intima, 
forcing them actively asunder as they grow. We are surely 
entitled to regard the growth of the inflamed intima in a hdri- 
tontal plane as at least one fiictor in the dilatation of the vessel. 
For even though we assign but a small vdue to its active co- 
operation, yet we must regard the intima, while it is under- 
going the fluctuations of internal change, as less capable of 
resisting the dilating impulse and increased tension of the blood, 
than it it in its normal state. I have already pointed but that 
atheromatous changes hi the arterial walls cause a rise in the 
blood-pt^ssure above and at the afiected points of the vstscular 
system. To this must be ascribed in the fibrst placb that unifonii 
dilatation of the aorta which is nearly always fijund in cases of 
extensive endoarteritil For thfe production of a true aneurisiti 
howeverj it is the systolib rise in th6 blood-pressure which id 
chiefly iihportftnt^ This differs from that which occurs hbrmally; 
The diseased Cbndition of the arterial wallft hinders that pro-* 
visional transformation of velocity into elastic tension, which 
causes Ae systolic rise in the blood^pressure and ltd " bther 
mode," velocity, to be distributed ov6r a longer interval bf time. 
Accordingly, both these manifestations bf energy culmimlte dt 
the moment ^hen the systole bommences, aiid collapse iinme- 
diately afterwards to a proportionate extent With each ven- 
tricnlar cbntraction, tiib diseased artery is subjected to a dilating 
impulse, to which it 6an only oppose a passive, not, as before, 
an activb resistance. Hxe patient^s throbbing pnli^b infortils us 
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tliat throughout tho whole arterial system, a jerky propulsion of 
the mass of blood has taken the place of a rhythmic acceleration 
of its current The brief though forcible shock, which the 
radial artery communicates to our finger, will be most intense in 
the aorta itself, since there the loss of energy by way of impact, 
which necessarily attends this mode of propulsion, does not yet 
begin to tell. Therefore it is that aneurismal dilatation is most 
common, first in tlie ascending aorta ; and secondly, wherever 
the local narrowing of an artery causes a special rise of pressure 
just behind the obstruction. With special reference to this point, 
I have examined all the peripheric aneurisms to which I could 
get access, and I have rarely failed to discover a more or less 
marked thickening of the intima below the dilated part, as the 
exciting cause of the lesion. Persistent contraction of tliose 
muscles among which the main branches of an artery are dis- 
tributed, may also cause aneurismal dilatation of the parent- 
trunk. Thus for example aneurism of the popliteal artery not 
unfrequently rewards the exertions of those lackeys who stand 
for hours together behind their masters* carriages (contraction of 
gastrocnemii). 

§ 225. As regards the outward form of aneurisms, the uni- 
formly cylindrical or fusiform dilatation of the arterial tube is 
usually distinguished from die one-sided, saccular protrusion of 
iU coats. The cylindrical aneurism becomes an invaginating 
one when the aneurismal sac, at one or both of its extremities, 
overlaps the corresponding ends of the undilated part of the 
vessel. The saccular variety presents simUar modifications. 
Should the sac overlap the parent-vessel on one side only, its 
cavity is marked ofl;' from the interior of the vessel by a pro- 
jecting semilunar fold ; should it overlap its parent-artery both 
above and below, or on all sides at once, it is said to have '' a 
neck." 

Saccular aneurisms, those which project more horn the convex 
than firom the concave side of tlie ascending aorta — are by far 
the most common. They press fi'om within against the sternum 
or the stemo-clavicular joint. Aneurisms of the transverse arch 
also spring more often from the convexity than from tlie con- 
cavity of the vessel. Here too we not unfrequently find aneu- 
risms with narrow necks which ultimately force their way out 
through the upper aperture of the thorax and invade the oeso- 
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pliagos or the trachea from the front Aneurisms of the thoracic 
aorta spring by preference from the back and sides of the vessel 
and press against the spine. Aneurisms of smaller arteries are 
much less frequent ; among these the most common are aneu- 
risms of the popliteal, carotid and basilar arteries. 

§ 226. The most interesting question for the histologist is 
that concerning the behaviour of the various structural com- 
ponents of the arterial tube during its gradual dilatation — the 
behaviour of the inner, middle and outer coats respectively. 

Attention has already been drawn to the fact that the 
intima is usually thickened by previous endoarteritis. This 
enables it to take part in the dilatation without becoming notably 
thinner. Aneurisms from four to six inches in diameter may be 
lined with an internal coat of normal thickness ; nay, of more 
than normal thickness in parts. It exhibits the most diverse 
stages of atheromatous degeneration side by side ; foremost 
among them however stands calcification ; calcified plates have 
been found involving one-half or even the whole of the circum- 
ference of the aneurism, converting it into a bony drum. More 
common is a tesselated mosaic of smaller plates, which are very 
liable to become detached at their edges, and so to give the first 
impulse to the formation of coagula. Fatty degeneration, though 
less widely distributed, is nevertheless of the utmost moment. 
For it is this — particularly when it results in the production of 
atheromatous ulcers — which ultimately leads to perforation of 
the intima at some point or other, and so exposes the integrity 
of the sac to the most serious risks. 

From the first outset of dilatation the middle coat remains 
entirely passive. The transverse bundles of smooth muscular 
fibres separate from one another and allow ever- widening fissures 
U) gape between them. They finally succumb to fatty degenera- 
tion. Even when an aortic aneurism is no bigger than the 
closed fist, it is a difficult matter to find any vestige or remnant 
of the middle coat in its walls. 

On the otlier hand the adventitia may be said, in the strictest 
sense of the word, to " guarantee the sac against rupture." The 
pressure of the growing aneurism acts upon this membrane in 
just the same way as a gradually increasing or ofl-recurring 
pressure acts upon a stratum of unformed connective tissue else- 
where ; it stimulates it to a chronic inflammator}^, or in other 
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ivorcU) to a reactive overgrowth. The aneurism oomes to be 
invested on all sides by a close web of tough connective tissop, which 
supplies whatever deficiencies there may be in the inner coata, 
and serves as a bond of union between the outer surface of the 
aneurism and the neighbouring organs. 

The implication of the adventitia in the morbid process is 
therefore wholly salutary. Its resources however are not iuex- 
haustible. First, it cannot, whatever may be its thickness, arrest 
the growth of the aneurism. It jrields uniformly and at all 
points to the centrifugal pressure of the blood, and can never 
oflPer anything like the resistance which is opposed by the com- 
bined strength of a healthy internal and middle coat Some 
notion of the demands made upon the resisting power of the 
aneurismal walls may be got by observing the conflict of an 
aneurism with the osseous system. Should an aneurism of the 
ascending aorta press forwtuxls against the sternum, or one of 
the thoracic aorta against the spine, it begins by destroying 
whatever structures may intervene between the blood and the 
bone. Intima, media and adventitia, mediastinal connective 
tissue and periosteum, disappear without leaving any trace, 
under the stress of the contending forces. Next, the bone 
begins to yield ; it yields slowly — so that denuded renmants of 
it are oflen found projecting far into the sac — ^but still it yields 
and is absorbed. The bone-tissue under these circumstances 
passes through a peculiar fibroid metamorphosis (fig. 11) which 
has been more fully described in § 41. This however can only 
be regarded as a passing phase in its disintegration and liquefac- 
tion. The result is a loss of substance in the bone. Aneprisms 
of the ascending aorta oflen annihilate the whole of the manu- 
brium, the upper part of the body of the sternum, and the 
sternal end of the clavicle. Aneurisms of the descending aorta 
excavate cup-shaped hollows in the bodies of one or more of the 
vertebrae. 

Another hindrance to the conservative powers of the ad- 
ventitia arises fi*om the circumstance that these powers, which 
depend in great measure upon the transfer of l^yperplastic 
activity to the neighbouring connective ti^^^o? have the extent 
of their operation limited by the extent of distrijsjition pf that 
connective tissi^e. Svery free surface which the aneurispn 
approaches may be fatal to the patient, inasmuoli as it gives the 
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anoucism an opportunity of bursting. Tlie pleuml surfiioe U the 
least dangerous in this respect ; for the pleural sac is mei^ely an 
interstice in the connective tissue, whose opposed surfiioes readily 
cohere. The pressure of the aneurism is thus transferred to the 
lung, and the &tal issue is for a time delayed. Jt capnot talj^e 
place till both of the pleural laminae have been perforated «nd 
the spongy parenchyma with the smaller bronchi laid open in 
consequence. Those aneurisms which force their way towards 
the larger bronchi or the trachea itself burst at i^ much earlier 
period. Aneurisms of. the ascending aorta ultimately burst 
through the skin ; rupture may also occur into the oesophagus, 
pericardium or pulmonary artery ; more irarely, into the perito- 
neum or the retro-peritoneal connective tissue. 

§ 227. Clots often form in the cavity of the aneurism. The 
first impulse to tlieir formation is usually given by irregiilarities 
of the internal surface. Bet^dation of the blood-current is also 
an important factor; hence the peculiar frequency widi which 
the blood coagulates in saccular aneurisms with narrow necks. 
These aneurismal thrombi are always exquisitely laminated ; the 
outer layers, those first deposited, are usually quite decolorised, 
tough and fibrous, like all dots which have been exposed to con- 
tinued pressure ; no trace of commencing organisation can eyer 
be detected. Hence it is that the formation of thrombi in an 
aneurism, though directly lessening the size of its cavity, seldom 
leads to a spontaneous cure. This has only been kpown to occur 
in aneurisms of small arteries which have been quite shut ofi* 
from the pareift-vpssel. For the most part, the fillipg-up of an 
aneurismal sac with coagula proves inadequate to |:esist the im- 
pulse of the blood. Should the sac burst, the thrombus is torn 
up and the blood forces it^ way out between its fragments. 
Aneurismal coagula may also undergo softening, an event which 
focilitates the detachment of fragments and increases the risk of 
embolism. 

p. DUataiion of Veins. — Phkbectasi/. 

§ 228. Dilatations of veins, notwithstanding their greater 
frequency, notwithstanding the many anatomical peculiarities 
which they present, are but a feeble copy of arterial dilatations. 
It has been already stated that an 5^ endophlebitis chronica,!* 
analogous to atheromatous disease of the arteries, can hardly be 
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said to exist This at once does away with the complication 

which played so weighty a part in the causation of aneurism. 

The etiology of phlebectasy is obviously one and the same in all 

cases, «c. mechanical dilatation in consequence of a local rise in 

the blood-pressure ; and to this etiological monotony corresponds 

an equal uniformity in the course of the anatomical alterations. 

It is quite possible to find in dilatations of the veins the three 

main forms which may result from the distension of a cylindrical 

tube ; we may distinguish between cylindrical, fusiform an<l 

saccular phlebectasy; but such distinctions are here of trifling 

value, simply because in most cases of phlebectasy all three 

varieties coexist; indeed the disorder is never restricted to a 

single and very marked dilatation of a vein, but always involves 

the moderate dilatation of an entire plexus, or of all the branches 

of a single trunk. 

Under normal conditions the pressure of the blood in the 
venous system is so insignificant, that in the larger veins it 
barely exceeds that of the atmosphere, and may even fall below 
it in the immediate neighbourhood of the heart Accordingly, 
the walls of the veins are comparatively thin ; they are, so to 
say, only adapted to resist this moderate degree of pressure. 
Should any circumstance raise the blood-pressure, the calibre 
of the vein must necessarily increase, and its walls be put on the 
stretch ; if the increased pressure continue, or even if it recur 
periodically, the walls of the vein become permanently distended, 
and phlebectasy is the result 

§ 229. Phlebectasy, as might be supposed, begins in the im- 
mediate neighbourhood of the valves. The sinuses just above 
the valves are distended, and form small, nodular varicosities 
along the vein ; its superficial position enables them to be readily 
distinguished through the skin. The valve-flaps tliemselves have 
to support a greater weight than usual ; they finally become in- 
competent, and the greater their incompetence, the farther does 
the ectasy extend along the vein. At first, the vein is stretcheil 
longitudinally ; inasmuch however as it is fixed at both ends aiul 
cannot be sufficiently displaced, the elongated vessel must either 
bend from side to side, forming zigzags, or become spirallv 
twisted. Both vaxneties occur, the zigzag in the larger, the spiral 
in the smaller veins. The former serves as a transition to that 
degree of phlebectasy which we call " varicosity/' The convexity 
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of the curve bulges more than its concavity, and a saccular dila- 
tation is tiie result, appended to the vein just as a saccular aneu- 
rism is appended to an artery. Supposing this process to be 
repeated at every fresh curve which the vessel makes, the vein 
must come at last to appear as though it were entirely made up 
of an alternating series of saccular aneurisms. This is the fully- 
developed " varicose state" which is usually found involving all 
the veins of a plexus, or the collective radicles of a large venous 
trunk. This is usually the point at which phlebectasy culminates. 
Only the "varicose tumour " can fairly be put higher ; and this 
is confined to one particular locality, namely the ha3morrhoidal 
plexus. 

§ 230. The venous plexuses of the true pelvis and its outlet 
stand foremost among the veins of the body in their tendency to 
become dilated. This is partly owing to their anastomotic con- 
nexions with the portal vein (Vena ha^morrhoidalis interna), 
which render them liable to all those influences which interfere 
with the portal circulation, without conferring any of the com- 
pensatory advantages accruing to the latter from intra-abdominal 
pressure ; another cause may bo sought in the frequent and 
prolonged congestion to which these parts are exposed during 
the performance of the sexual ftmctions. Varicosity of the vesical 
plexus underlies those morbid changes about the neck of the 
bladder (catarrh of the mucous membrane, moderate enlargement 
of the prostate) which are so common in old people, and are 
usually known as hsemorrhoids of the bladder. 

Dilatation of the haemorrhoidal plexus (true haemorrhoids) 
begins with congestion of the venous radicles in the lax sub- 
mucous tissue of the rectum close to the anus. This is speedily 
associated with a mucous catarrh of the surface, and, as I myself 
have found, with a trifling overgrowth of the mucous follicles. 
At a later stage, tlie changes in the mucous membrane recede, 
and the phlebectasy proceeds to the development of large plexuses 
of varicose veins which push the mucous membrane before them, 
an«l form a ring of transverse rugsB round the anal aperture. 
The dilatation finally concentrates itself at one or more points of 
these rugo), which develope into rounded protuberances, and 
ultimately into fungoid tumours of considerable size. 

If we cut through a large haemorrhoidal nodule, we may see, 
even without a microscope, that the chief part of its texture is 
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spongy. T))e pores coire^ppiid to tli^ liimina, the sept^ to the 
fused waUs qf tliose veins which have nndergope dilatation and 
varioose degeneration. We must suppose the structuce in ques- 
tion to be produced by atrophy of the interstitial connectiTe 
tissue ; this wastes under the pressure of the distended Teins, 
which is kept np by the persistently increased tension of the 
b)ood in their interior ; so that, after a time, nothing is left save 
only the walls of the veins themselves. Inflammatory action is 
often set up about these venous plexuses ; it ipay either result 
in induration or in suppuration. The bipod may coagulate here 
and there in their interior, causing partii^l gangrene. 

§ 231. Next to the veins of the pelvic viscera, phlebeotasj 
n^ost fr^uently affects the branches of the great saphena. Any 
circumstance which retards the flow of blood through the common 
ilis^c vein — as e.g. the pressure of the gravid womb or of a pelvic 
tqmour — may give rise to this accident It may also be caused 
by prolonged contraction of the muscles of the leg, as e,g, in 
persons who have to work standing ; the muscular coptraction, 
by compressing the deeper veins of the leg, drives the blood into 
the subcutaneous ohannels. Then gravity helps. Generally 
speaking, dilatatipn of the saphena is due to the co-operation of 
several distinct fact9r8. Its various stages may be followed even 
through the overlying skin. In its n^ild^i: as well ^ its more 
severe forms, it often underlies tho^e phr^uic inflammatory and 
pleer^tive disorders of the lower limbs, whpse ohstinacy so oft»n 
exposes the temper of both physician ^nd patient to severe 
trials. 

y. Dilatation of CapUlaries, — Telengxedams, 

§ 23^, -^P^^ ^^V^ ^^ ™^^® ^^ I^^ transitory dilatation 
consequent pn hyperaemia, there is really no condition of the 
capillary vQSsel^ which can be compared to aneurism or phlebec- 
tasy. The disordeir specifically termed ^^telengiectasis" consists 
in ^ over-production of capillaries in circumscribed portions of 
the skin. The parenchyma of mimy organs, among oUiers that 
of the skin and its proximate constituents, the papillae, glands, 
clusters of fat-cells, &c., i§ pripaarijy divided into territories by 
that systen^ of anastpmosjng l^c^pq^ jn th^ connective tissue, 
whosp flo4^ PPiwli? ccpt^in the connective-tissftp corpuscles. The 
thick protoplasmic processes of these corpuscles map out the 
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course of the new yeesels in the tertiary mode of vaacularisation 
(see JKaUiker^ Handbnch d. Gewebelebroy 3te Auflage^ page 
607). They deaciribe corves of variable radios, which I'est at 
each end upon the wall of an already pervious capillary. The 
lumen of the new capillary is opened up alopg this curve. The 
thread of protoplasm forms a thin coating over the whole of 
its internal surface, and hardens into a homogeneous capillary 
membrane ; the nuclei of the cells which take part in the process, 
are shifted, together with the residual protoplasm, to the outer 
surfieu^e of the membrane, where they figure henceforward as 
" capillary nuclei," 

During the vascularisation of growing organs, only a small 
proportion of the existing connective-tissue corpuscles is usually 
employed in the formation of vessels. Matters take a different 
course in telengiectasis. This is due to an 0nonnous excoss in 
the development of connecting channels between the main capil- 
lary loops, operated in the manner I have just described. Telen- 
giectasis therefore is an overgrowth, not a mere dilatation of the 
vessels. The cluster of fat-cells, the sebaceous glands the sweat- 
gland, the cutaneous papilla, are penuentad by ^ enormous 
number of vpry fine capillaries (wbioh »re for tbo ipost part 
spirally contorted) in place of the usual petwofk Qf cqnpective- 
tissue corpuscles. All the above struotl^re^ mc^y be reoognised 
in the inpumerable Ipbules of which the t^lengipctatic part con- 
sists, even should their specific plement3 have beep desteoy^d by 
the pressure of those very ves^ which wpre destined for their 

nourisbmept* 

The dilatation of the capillaries in the growth of cavernous 

tumours has already been described (§ 129). 



2. DiSEASBS OF THB HeA&T. 

§ 333. In the central organ of the circulatory sys^eip we 
find the same three layers of which the walls of all the greater 
vessel^ are made up. The endocardium porresponds to the in- 
tima, the myocardiun^ to the middle coat, the pericardiuf^ to the 
adventitia. In harmony larith ^be fuuctjof^al super^Qf ity pf the 
heart however, each of these three layers is more highly 
developed, and that in a direction peculiar to itself. 
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The endocardium is a far more delicate membrane than the 
internal coat of the aorta. This is especially well seen on the 
inner surface of the ventridesy where it ^appears simply as a 
lustrous surface, limiting the muscular layer internally, but not 
in any way affecting either its colour or its modelling. Where it 
forms duplicatures in which strengtli is especially required — «r. 
the valves and chordae tendinese — it becomes thicker. In the 
valves indeed we find the endocardium made up of several dis- 
tinct layers. Thus the lamella of each valve-flap which is turned 
away from the blood-current contains a larger proportion of 
elastic fibres than that which is turned towards it, and between 
die two lamellae, at least in the mitral and tricuspid valves, there 
is a thin layer of loose connective tissue in which vessels run 
nearly as far as the edge of the valve. 

The myocardium is the thickest of the three layers of which 
the heart's wall consists, as might be anticipated from its func- 
tional importance ; its structure affords a solution of the difficult 
problem, how to enclose a cavity with striped muscular fibre. 
The fibres anastomose with one another at acute angles, forming 
fenestrated membranes ; and these, lying one upon another in 
massive strata, and firmly united among themselves, enclose the 
cavity (cf. § 235, fig. 85). 

The adventitia reappears as a serous sac, the pericardium, 
whose visceral layer invests the outer surface of the heart with 
a membrane quite as thin as the endocardium upon its inner 
surface. It nevertheless contains vessels of its own, although 
they anastomose at many points with those of the muscular 
substance. 

The above remarks all tend to show that the three layers of 
which the wall of the heart consists, are more specialised, more 
independent, than the corresponding structures in the arteries 
and veins; and since this increased specialisation makes itself 
felt in the diseases to which they are liable, it must be borne in 
mind throughout the whole of the ensuing discussion. Accord- 
ingly, the pathological histology of the myocardium and endocar- 
dium will be treated successively, that of the pericardium being 
relegated to the general chapter which will be devoted to the 
morbid anatomy of serous membranes. 
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a. Myocardium. 

A. Hypertrophy of the Heart, 

§ 234. By hypertrophy of the heart we understand an in- 
crease in the bulk of that organ, due to overgrowth of its 
muscular coat It may affect both ventricles equally ; it more 
often afiects one only, or chiefly. It is not an easy matter to 
ascertain the existence of a moderate degree of hypertrophy. 
We are told to compare the thickness of the walls witli the size 
of the cavity. But their ratio varies with every variation in the 
degree to which the heart is contracted. The size of the cavity 
varies inversely as tlio thickness of its walls. We are never sure 
whether the seeming increase in the thickness of the wall may 
not be merely due to the heart being more firmly contracted. 
Doubts of this sort meet us again when we try to find out if 
the heart's substance is atrophied ; we have to be on our guard 
against supposing a dilated heart to be atrophied merely because 
its walls are thin. A power of quick and accm*ate judgment 
with regard to moderate degrees of thickening and thinning of 
the heart's walls can only be got by long practice. On the other 
hand it is very easy to recognise hypertrophy in its extremer 
forms. Next to the enlargement and the change in shape — a 
change which is often very striking — our attention is roused by 
the disproportionate increase in weight of the heart The walls 
of the hypertrophied organ are as stiff and hard as boards, so 
that even after the blood has been entirely evacuated by incision, 
they do not collapse, and cannot be easily bent in or out. Finally, 
the marked increase in thickness of the wall is made all the 
more striking by the coincident enlargement of the cavity, since 
hypertrophy is invariably associated with a certain degree of 
dilatation. A large heart must needs have a large caviiy. 

The shape of the heart is characteristically altered when only 
one of the two ventricles is hypertrophied. If we were to join 
the left ventricle of an adult to the right ventricle of an infant, 
the entire heart would appear to consist chiefly of the left 
ventricle ; reversing the process, the right ventricle would pre- 
}K>nderate in like manner. This exactly illustrates what happens 
in unilateral hypertrophy of the heart. 

A heart with a hypertrophied left ventricle (fig. 83) will 
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lIiercfui'G present an o^atc or baiTcl-eliajied outline. TIio iHgLt 
ventricle apiware even more tlian Is usually tho case, to be a 
mere appendage of the left. The long axis of the heart becomes 
more horizontal, so iliat the base is tuthtd to the right side, tlie 
apex to the left. The apex is pushed beyond thb mammary line, 
as may be aseei-tained by the extension of the cardiac duluesa iu 
this direction and the dislocation of tlie apex -beat. 



V .' 

JSypertrophy of left vfentricle, Seart t'n mhi. a. Left mammary 
line; b. Y. card snpcHor; c. Aorta; ct. Bulb of pulmonary 
ftrtery; e. Ilight anriclb; /. Higlit vehtricle; g. Left 
saricle; A. L^ TcntricM (normal aitt); o. Left rentricle 
(liypertrophled)i 

On the oth^r hand, a one-sided hypertrophy of the right 
ventricle (fig. 84) occasions, not an elongation, but a widening 
and thickening of the ^tire heart Zjooked at in ftY>nt, the 
heart appears square, and as its long axib tends more and more 
to become verticaJ, the cardiac dulnese extends to the right, 
presents itself over the lower pKti of the Btemnih, and stretches 
across the right border of that bone. The heart's npedi is no 
longer formed by the left Tentride alone ; it if partljr, or eren 
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\vholl5' formed by the I'lght one. The apex-beat often becomes 
indistinct;; in its stead we find a basic impulse due to the contact 
of tlie c(mu8 di^leriosus (fig. 84, d) with the chest-wstU during 
each systole, in consequence of the enlargembnt of th6 bstse df 
the hbdiii in its antero-posieribr diameter; 

§ 235. Hypertrophy of the heart is invariably dile to oriBr- 
worfe ; it is caused by mechanical hindrances tb the onivard 
How bf the blood. These increase the labour of thb heai*t by 
augttibntiiig tile pressure which at the beginning of each djrstble 
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Hypertrophy of right yentricle. Heart in situ. Referciices as 
in preyious fignre. The dotted line represents the outline 
of the hypertrophied right ventricle. 

acts vertically against the inner surface of the ventricle, and 
which has to be overcome by its contraction. We have already 
seen hypertrophy of the left ventride associated with atheroma- 
tous degeneration of the aorta ; we dhall soon become acquainted 
with lesions of the cardiac valves as by far the commonest 
causes of hypertrophy, and we shall find ourselves obliged to 
refer to the subject again and again in discussing other organic 
diseases. As regdrcLs the histological details of hypertrophy of 
the muscular substance of the heart, the hypothesis thilt the 
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iudtyidual fibres grow thicker, is very generally received. Never- 
tlioless, I have failed to discover any diSerenue in the thickness 
of the muscular fibres of hyjjertrophied hearts ; so that I hare at 
last been led to assume that a " partial sphttjng " of the fibres 
must occur; an assumption which can only be admitted as 
regards the heart. 

The muscular fibres of the heart, as every one is aware, 
divide dichotomously ; they may also be said to reunite in 
the same way, forming networks or membranes with elongated, 
slit-like meshes. These meshes vary greatly in their size ; large, 
spindle-shaped lacuna: alternating with slits and fissures of the 
smallest size. Some of the latter may even be regarded as 
situated in the substance of individual fibres. Tliey are most 
foKiuently found in the thicker fibres, where these give off lateral 
branches (fig. 85, a) and I cannot but believe that the force 

Pio. 86. 



Network of niusculur llbics from the heart At a is an inter- 
Etice in a muacular libra, which corresponds in position to 
the origin of ft side branch ; by ita gradual increaBC in aise, 
it will add a new mesh to the network. 

exerted by the side-branch during its contraction contributes 
in some measure to the cleavage of the parent-fibre. 

B. Alrophi/ of the Heart. 

§ 236. Inasmuch as the heart is undeniably the hardest-work- 
ing muscle in the body, and tlierefore consumes more nourish- 
ment than most other organs, disturbances in the general nutrition 
of the organism will necessarily make themselves felt in the heart 
at a relatively early period. Not only the involution of the body- 
due to old age, but every cachexia, every form of marasmus, 
whether due to acute or chronic disease, may thus cause wasting 
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of the heart, which manifests itself in thinness and atony of the 
muscular substance as a whole, and hence as a uniform atrophy 
of the organ. Besides this general form, we may liave partial 
atrophy — atrophy confined to the oatennost or innermost layers 
of the musoular ooat, sometimes indeed limited to oiroumsoribed 
patches ; these partial atrophies being due to local causes. 

Whether the change be partial or general, the muscular fibres 
grow thinner, more slender, and may even disappear entirely. 
This most important result of atrophy presents itself under 
variously modified histological forms, which may be classed in 
as many distinct groups. 

§ 237: (1) Brown atrophy is diaracterised, as its anme indi- 
cates, by a change in the colour of the muscular tissue, which 
assumes a rusty-brown or dark ochry hue, coincidently with its 
diminution in bulk. This peculiar phenomenon is caused by the 
deposit of a yellow, granular pigment in the interior of the fibres. 
It may either be uniformly distributed throughout the contractile 
substance, or tho gi'anules may be heaped up in fine lines be- 
tween the primitive fibrillffi and around tho nuclei (fig, 86) ; 
their source is unknown ; we cannot tell whether 
they are simply the proper pigment of tho mus- '"' 

cnlar fibre condensed, or whether tlie colouring- 
matter of the blood has a share in their produc- 
tion. Brown atrophy is always general. It is 
most common in connexion with senile maras- 
mus, wasting from inanition, the tuberculous 
and cancerous cachexia:. 

§ 238. (2) YeUow atrophy consists in the 
transformation of the muscular tissue of the 
he«lintofct (CM 30 and fig. 7.) In pro- "S^rl^fc 
portion as the deposit of oil-globulos Is more "f the heart. 
abundant, the muscular fibres grow pale, then ^^^^^ iftver"ei' 
yellowish, and lastly whitish and bacony. Tliey hibibing pig- 
lose their firmness. Tlie tissue grows friable pient ■ granuIeH 
, .11. i-i 1 .1 in t"e mtenor 

and rotten; it breaks down readily under tho of the primitive 
finger ; on tlie other han<l the loss of bulk is fasciculi, jio- 
often inconsiderable. 

Yellow atrophy contrasts with the brown variety in the 

rapidity of its development It presents itself under four forms : 

a. As a diS*use degeneration of tlic entire muscular substance 
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of the heart in tlie ooorso of acute febrile diseases, the exanthe- 
mata, typlius (of. § 112, note)^ &c. 

p. AsB. fatty disintegration of the superficial, subperioardial 
layer of the cardiac muscle, in consequenoe of the nutritive dis* 
turbance caused by inflammation of the ai^oining perioardium 
{9€e Pericarditis). 

y. In the form of numerous foci not exceeding a pin^s head 
in size, disseminated through the innermost, subendocardial layer 
of the muscular substance of such hearts as have been subjected 
to a high degree of dilatation (valvular insufficiency). In tudi 
cases, the whitish dots and striae due to this afiection may be 
detected even through tlie endocardium, particularly upon the 
musculi papillares and columnse camesB near the apex. 

8. As a single focus of fatty softening (even as large os a 
hazel-nut) usually situated in the substance of the wall of the 
left ventricle near its apex. The atony and friability of the 
degenerated parenchyma usually cause rupture of the heart, 
differing from rupture due to other causes by the very gradual 
manner in which the muscular substance gives way layer after 
layer. Atheromatous degeneration of the coronary arteries with 
plugging of one of their larger branches by a thrombua may be 
regarded in every instance as the cause of this dangerous lesion. 

§ 239. Appendix, Fatly degeneration of the muscular sub* 
stance of the heart must not be confounded with that excessive 
infiltration of the subperioardial connective tissue with fittty 
matter which is commonly called ^^ fatty heart." The latter is 
associated with general obesity, and may give rise to very serioiis 
troubles, even to death itself. For the masses of fat overgrow 
the heart firom the sidma eircularis and transvei'sus to aucJi an 
extent as to conceal the entire surfiioe of each ventricle with the 
exception of a small patch; it is hardly conceivable that the 
movements of the heart should not be hindered by so great a 
burden ; then again, the infiltration forces its way into the inter- 
stitial connective tissue of the myocardium itself. The latter 
phenomenon indeed is always confined to a limited patch ; the 
pressure is enough however to cause wasting of the corresponding 
portion of the heart's wall ; and it tends thereby directly to 
impair the functional powers of the organ. 
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C. Inflammation, 

\ 240. Myooarditis is one of the most obscure ehapters in 
general pathology, akid morbid anatomy can only contribute rery 
insufficient data for its elucidation. Experience has shown that 
the most trifling degree of inflammation aflbeting the striped 
muscles of the titmk and limbs — e.g. even that slight intumes- 
cence which we find associated with chronic riieumatism, and 
with regard to which it is not yet settled whether it really is 
more than a marked degree of hypenemift — occasions the most 
violent disturbances of function. The muscle rests in a state of 
contraotion. Any attempt to extend it is most strenuously 
opposed by the patient on account of the intense pain to which 
it gives rise. Now if we apply these results of our experience 
to the heart, it is obvious from the first that even the most trifling 
degree of difiuae inflammation ought immediately te be followed 
by an arrest of the hearths action and the consequent death of 
the patient, so that the inflammatory process could not attain 
the later stages of its evolution unless when circumscribed and 
partial. Some have even gone so far as to deny the possibilify 
of a diflfuse myocarditis. Herein they were undoubtedly wrong. 
I can positively afiirm that an inflammation uniformly involving 
every portion of the heart may exist A male patient, 54 years of 
age, wiio had undergone a protracted course of treatment for con- 
stitutional syphilis, and had subsequently passed through an attadc 
of double pneumonia, died suddenly a few days after hia discharge 
from the hospital ; his death was so sudden as to it>use suspioions 
of apoplexy. At the poBt-mortem examination, apart fifota some 
syphilitic lesions, I discovered a oondition of (he heart which I 
feel myself justified in unhesitetingly describing as a difibse 
parenchymatous inflammation of its muscular substance. 

The heart was partially contracted; its walls were so stiff 
that it could only be compressed by the application of a very 
large amount of force. Even after the customary inotsions had 
been made into its cavities, its walls did not collapfee. At the 
same time a singular and unusual oondition of the muscular 
tissue exmted my attention. It had lost ita bright red ctdour 
wfaidi was dadied With violet ; the out surface was irideMsent, ita 
edges nearly transparent ; in consistency it reaembled caoutdiottc \ 



276 CIECUIiATOKY APPAEATUS. 

yet the fibres gave way rather than allow themselves to be 
stretched. There were numerous ecchymoses under both peri- 
cardium and endocardium, which were probably due to great 
disturbances in the circulation through the muscle ; for the vessels 
were all empty, the lack of blood certainly contributing in some 
measure to the striking loss of colour. 

§ 241. The results of microscopical examination were every- 
where the same ; the interior of the muscular fibres was occupied 
by a finely-granular deposit, not uniformly distributed, but 
forming little fusiform aggregations round the nuclei ; it might 
be regarded as ^^ increased protoplasm.^' I have never seen a 
more pregnant illustration of Virclunv^s "parenchymatous in- 
flammation." Moreover the muscular fibres collectively were 
broken up by transverse clefts into short, oblong firagments, an 
appearance which is not unusual in the pathological liistology of 
striped muscle. It must always be regarded as due to mechanical 
rupture. I have assured myself that similar appearances may 
readily be produced in the muscular fibres of the rabbit by forcible 
extension. In the present instance we are at no loss to find a 
cause for such extension, and it may be inferred that the rigid 
and infiltrated state of the fibres would make them all the more 
liable to be torn across in this way. It is self-evident also that 
these minute lacerations must impair the functional power of 
a muscle quite as much as the most extensive ruptures. 

§ 242. Apart firom the diffuse, parenchymatous form of myo- 
carditis, certain appearances in the muscular substance of the 
heart are usually regarded as " results of myocarditis," without 
our having any adequate knowledge of the chain of phenomena 
which lead up to them ; these are : abscess, and fibroid patch of 
the heart The former of these I will describe at once ; leaving 
the latter for the chapter on Chronic Endocarditis. 

D. Abscess of the Heart. 

§ 243. A circumscribed portion of the muscular substance, 
from the size of a pea to that of a bean, rarely larger than this, 
but occasionally as big as a walnut — is found to be deficient; its 
place is taken by a tolerably thick pulp of a yellowish-grey or 
dirty-grey colour. This pulp consists, apart fix>m numerous 
pus-corpuscles, mainly of tlie debris of disintegrated muscular 
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fibres, albnminoid molecules, and oil-globuIes ; it also contains 
larger shreds of the contractile tissue, in which, however, the 
transverse striation is no longer to be recognised. The affected 
part is, in the main, of oval form ; but sinuses burrowing far into 
the muscular layer are also occasionally met with. The boundary 
of the deposit sometimes consists of a very soft layer of red- 
dish-grey material — ^granulation-tissue, according to Rokitamki, 
Should the abscess approach the endocardium, it may peel it off; 
sometimes too, it forces its way between the lamellse of the 
cuspid valves. 

§ 244. This condition may terminate in various ways. In 
very rare cases, the purulent pulp may become inspissated into 
a cheesy mass, and surround itself with a capsule of connective 
tissue ; the cheesy nodule ultimately becoming calcareous and 
establishing a toleration of its presence. More commonly the 
abscess bursts, and its contents escape. According as it ap- 
proaches the outer or the inner surface of the myocardium, it 
bursts either into the pericardial sac, setting up a rapidly fatal 
pericarditis, or into one of the cavities of the heart itself. In the 
latter event the bursting of the abscess is immediately followed 
by a rush of blood into its cavity which washes out the contained 
debris. This opens out wide contingencies of embolism, mainly 
in the region of the systemic circulation, inasmuch as the abscess 
is usually situated in the wall of the left ventricle. The abscess- 
cavity becomes a diverticulum, or an aneurism of the heart's 
cavities, if the name bo preferred. (Acute aneurism of the heart) 
How long this state of things may last, depends entirely on the 
thickness of the hitherto unaffected portion of the wall of the 
heart For it is this alone, together with the visceral layer of 
the pericardium, which delays the inevitable rupture of the heart 
and the fatal extravasation of blood into the pericardial sac< 
When the abscess, as oflen happens, is situated in the septum 
ventriculorum, the result is somewhat different A communica- 
tion between the ventricular cavities by a small opening does not 
seem to have any marked influence upon the circulation ; should 
the suppurative change however have extended upwards from 
the septum, should the pus have burrowed into the lax connec- 
tive tissue between the lamellse of the tricuspid valve, the burst- 
ing of the abscess may cause detachment of all the three flaps 
which are attached to the septum, ec. the inner curtain of the 



278 CIRCULATORY APPARATUS. 

tricuspid, tlie left flap of the pulmonary and the right flap of the 
aortio valves ; the result of course being insufficiency of the cor- 
responding valvular apparatus (cf. incompetence and sienosia of 
the valvular apertui^es of the lieart, § 255). 

§ 245. Appendix. The term <* abscess of the heart/' besides 
being applied to the large solitary lesion described above, is also 
employed to denote those small and scattered foci of softening, 
not exceeding a pin's head in size, which are occasionally found 
in connexion with pyeemio, puerperal, glanderous and other 
forms of blood-poisoning, and which are always multipla Some 
of them are usually situated immediately beneath the endo- or 
pericardium. They make their first appearance as greyish specks 
in the muscular tissue $ later, as minute cavities filled with a 
difilu^it pulp. No true pus^corpusclee can be detected under 
the microscope, nothing indeed but vibrios (see S 24). At first, 
these vibrios are found packed cloeely between the muscular 
£9Lsoi0uli ; they subsequently penetrate into their interior, the 
muscular fibres simultaneously undergoing disintegration ; in 
fact, transverse sections give one the impression that the oon« 
tractile substance is actually breaking up into vibrios, since the 
substitution of a mass of vibrios for the muscular fibre takes 
place without any increase in its volume. The alterations do not 
admit of being ^aced beyond the formation of little abscess-like 
foci of sofiiening, inasmuch as the affection occurs excluaively 
in the most violent and quickty fatal forms of the said toxsemic 
disorders. 

E. Heteroplastic Tutnvure of the Heart. 

$ 246. When we come to (Consider the morbid anatomy of 
s^erous membranes we shall become acquainted with a primaiy 
sarcoma of the pericardiiim. Apdrt from this, all cancerous, tuber- 
culous, and sarcomatous affections of the heart are of metastatic 
origin. But even these are rare* The occurrence of miliary 
tubercles in the heart has only beM kn^wn within the last few 
years. RecJdinghausen discovered them in the muscular tissue of 
that organ; indeed it is a genenkl rule that all heteroplastic 
growths are principally met i^Ith in the (k^tlilective tissue of the 
myocardium. 1 have recently met twice t^ith miliary tubercles 
in the endocardium, near the fi*ee border bf the mitral valve. 
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Both oases oocurreil in children, in connexion with acute miliary 
tnbercnlosis of all the serous membranes and the pia mater. 

§ 247. The large cheesy nodules in the myooardinm which 
used formerly to be called ^^ tubercles of the heart '* are in all 
probability, as Virchow has recently shown, not tuberculous but 
syphilitic. 

Gummata of the heart are most commonly found in the 
septum between the ventricles. As a general rule, seyeral 
nodules not larger than a pea are held together by a quantity of 
inflammatory connective tissue, forming a single tuberculated 
mass; we do however find solitary nodules of so remarkable 
a size, that they protrude into the cavity of both ventricles at 
once. 

§ 248. Caneerotts nodules — secondary to medullary or me- 
lanotic growths elsewhere — seldom grow to any size in the heart. 
We rarely find them larger than a hazel-nut They all originate 
in the connective tissue of the myocardium, and force their way, 
according to their position, either inwards or outwards ; in the 
former case, they detach and occasionally perforate the endocar- 
dium, in the latter, they do the same to the pericardium. It has 
also been asserted that thrombi of the heart's cavities (polypi of 
the heart) are susceptible of undergoing cancerous deg^ieration ; 
but this assertion is grievously in need of being corroborated. 

fi. Enbocardiuh. 

A. AmU Endocarditis* 

t S49. Attention has already been drawn to the fact that the 
endocardium, although the analogue of the internal coat of the 
vessels, is yet far more delicate in its texture ; that it contains 
vessels — at least here and there ; that where these ate lacking, 
the rich vascular network of the myocardium sends its terminal 
\oo^ close under the thin lining membrane, so that we may 
re^trd the latter as standing in direct connexion with the vaaa 
rasarum. We cannot therefore be surprised to find th^t the 
endocardium is far more susceptible than the tunica intima of 
the vessels. Various anomalies in the compositioti of the blood, 
the pyaemic, puerperal and iyphous dyscrasise — ^but above all, 
the dyscrasia associated with acute articular rheumatism, act as 



280 CIECULATORY APPAEA.TUS. 

inflammatory irritants upon the endocardium. According to 
Bamberger' $ estimate, 20«'/, of all the cases of acute articular 
rheumatism are complicated with endocarditis. 

As regards the more precise localisation of the process, we 
must first call attention to the fact, that the endocardial lining 
of the left heart is so preeminently liable to become afibcted tlm 
cases of endocarditis of tlie right heart belong to the curiosiUes 
of pathology. Next, there is a marked connexion between the 
seat of the disease and the mechanical irritation to which certain 
regions of the endocardial surface are exposed during the heart's 
contractions. Such are the lines along which the valve-flaps 
come into contact during their closure ; not the free edges of the 
valves, but lines which even in the noi-mal state are very appa- 
rent on the sigmoid valves, lines which coincide with the free 
border of each flap only at its middle point (nodnlus AranUi) 
and at its two extremities, but whicli are separated from it else- 
where by an interval of from half a line to one line ; on the cuspid 
valves the "line of contact" is everywhere one line off" tiie free 
border J it runs along the upper surface of each flap, correspond- 
ing exactly to the insertion of the upper ends of the forked 
chord* tendinea upon its inferior or ventricular aspect It is 
here as a rule tliat we must seek for the eariiest signs of morbid 
change. Starting from hence, the mischief may extend over a 
great part of the valve; it may burst forth simultaneously at 
another pomt of the endocardial surface ; but the "lines of tou- 
tact " of the valves are and continue to be its fevourite seat 

§250. The textural change in acute endocarditis is made 
up of three factors of very unequal value. In the first place, an 
implication of the vcua msomm may be demonstrated wherever 
they happen to run in the neighbourhood of the inflamed part 
Congestion and a considerable proliferation of the corpuscular 
elements of the adventitia may always be shown in trans- 

(ITnTn'^^T^^ ^^ "^^ ^'"^■"^ of the mitral valve 
^S u 1 /' r ^^^' "°"«»* "« ^^ progressive chances 
vvlnch tdce place in the non-vascular, most superficial wS 
of the endocardium. Their comiective tissue, ovWng to thHro! 

:l^nZ IrT^ ^"^,", "^^^ """•^^ -^ a!imulta„L"s 
softening of the mtercellnlar substance, swells up to such an 

extent, that even with the naked eye we can detect a iri«^ 

^^arty prommences on the surfiice of the valve (fig 87 cT 
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These granulations are exceedingly frail. Not only docs 
their mutual contact during the closure of the valves splinter 
and damage their soft tissues, but they speedily fall a prey to a 
finely-granular, not fatty, metamorphosis of their entire sub- 
stance; this renders the vegetation so very brittle, that the 
blood-current easily washes large and small bits of it away. 
When this happens, a proportionate loss of substance, the 
*' endocarditic ulcer,'' is produced, which usually penetrates 
clean through one lamella of the valve. The edges of tlie ulcer 
are always irregularly raised ; they exhibit, so long as the endo- 
carditis is on the increase, the primary stages of the process, 
which extends to the neighbouring connective tissue. A similar 
extension occurs, though less frequently, at the base of the ulcer ; 

Fig. 87. 




Acute endocarditis. Section through one of the curtains of the 
inflamed mitral valve, a. Upper, a', lower lamella of the 
endocardium; h. Intermediate layer, whose vessels are 
congested; c. Efflorescence of upper lamella; d. Deposit 
offihrin. t^. 

the remaining lamella of the curtain becomes involved, and when 
this yields the valve is perforated. Perforation of a valve is one 
of tlie most dangerous accidents that can happen ; for the force 
of the blood-current may easily dilate the original opening ; or 
the curtain may be detached on one or other side. In the 
cuspid valves, it occasionally happens that the whole edge of the 
curtain is detached together with the insertions of the musculi 
papillares. The perforation, like the ulcer, is invariably fringed 
with the inflammatory vegetations described above, which, in 
consequence of the fibrinous deposit of which I am now about to 
speak, may assume so great a size, that the opening in their 
midst can hardly be detected. 

This rapid course of endocarditis in its most usual form nevei^ 
issues in suppuration. This is anticipated by the granular dis- 
integration alluded to above — a sort of necrosis of the newly- 
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formed substance. This most not be taken to mean that suppu- 
ration never complicates the morbid anatomy of endocarditi?. 
Only, when pus is formed, it is always confined \o the loose 
connective tissue between the lamellss of the valves, and to the 
subendocardial connective tissue ; moreover it never collects in 
any quantity, but always takes the form of minute abscesses, no 
bigger than a pin's head, which cause pustular elevations of the 
endocardium. 

The third factor which plays a more or less conspicuous part 
in every case of acute endocarditis, is the precipitation of fibrin 
upon the roughened surface of the affected valve. I lay stress 
on the fact that fibrin alone is usually deposited ; the thrombus 
rarely contains any red corpuscles. I cannot help thinking that 
owing to the naked-eye resemblance of the fibrinous deposit to 
the proper outgrowth from the tissue, their real distinctness is 
often overlooked. The precipitated fibrin (fig. 87, d) fills up 
all the little inequalities of the surface, and increases the total 
bulk of the efiiorescence to such a disproportionate extent, that 
it strikes the observer mucli more forcibly than the morbid 
cliange in the valve itself. To conclude : the coagulation of the 
fibrin is not, any more than in an aneurism, to be regarded as a 
salutary phenomenon, as a first step towards recovery. The 
fibrin readily becomes disintegrated* It does not therefore 
operate as a check either to the progress of the ulceration, or to 
the perforation of the valve, while it enhances the risk of meta- 
static inflammations consequent on embolism of its detached 
fragments. 

§ 251. The way in whidh the so-cdlled valvtilar ^eurisnl 
origihates, is worthy of particuliir noticci Under this name — 
taken broadly — we understand any dirtsumscrib^ bulgihg in the 
continuity of a valve. Conditions of this sort are not ds a rtile 
in ally way connected with (shdocarditis. They are saccular or 
pouch-like inflexions of a valve, in whose formation both of its 
lamellse (without any previous change in their structure) take 
part. The pouch invariably opens on that side of the valve 
which is exposed to most pressure when the valve is closed, 
while the sac itself is on the opposite side. In the aortic valves, 
we enter the aneurismal sacculus from the sinus of Valsalva; in 
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the cuspid valves, from tlie venirioular oaviiy. Besides tliese, 
we ocoasioually meet with diverticula in the walls of the heart, 
near its orifices, preeisely analogous to the aneurisms in question, 
though a strict use of language must of course forbid us to call 
them ** valvular/' These are found at the origin of the coronary 
arteries and on the floor of the innermost sinus of Valsalva. 
The latter, by fiir the most common of these pouches, project 
into the right heart, sometimes above, sometimes below, some* 
times betwe^i the lamellse of that curtain of the tricuspid valve 
which is attached just opposite to them. The same three paths 
are opeli to aneurism of the membranous part of the $qi}him 
tewtricuhrumj which comes under the present category. It may 
force its way from the left ventricle, over, under or between the 
folds of the left curtain of the tricuspid valve, and so into the 
right ventricle. I have seen a case, in which an aneurism of 
the sinus of Valsalva, as large as a cherry, projected on the 
upper sur&oe of that curtain, while on its under surface was one 
as large as a pea formed by the Mptum pMuddum. 

After this digression, let us return to valvular aneurism con- 
,sequent upon endocarditis. This form is necessarily, preceded 
by the complete destruction of one of the lamellsa of the valve, 
llie blood makes its way into the opening thus produced, feroes 
the kmdlsB asunder, and causes a more or less extoisive pouching 
of that which is stiU intact* The endocarditic or acute valvular 
aneurism is thus essentially distinguished from the first variety 
by the fact that the pouch is formed, not by the entire valve^ but 
by one only of its lamellae. 

c. Perforation of Valves* 

§ 252. Here too we must distinguish between destructidh of 
the valve proper by inflammatory change, and a harmless variety 
of perforation, which is very often met with at the free borders 
of the semilunar valves. The latter depends upcm a thinning of 
that portion of the valve which lies above the actual ^Mine of 
contact" (the line along which the valves touch one another 
during closure), and is in my opinion nothing more than an 
approximation of the sigmoid to the cuspid type of valve. 

For if we glance at the anatomical arrangements intended to 
prevent regurgitation of the blood, we see at onite that they 
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belong to two distinct types, that of the sigmoid and that of the 
cuspid valves. This difference of type may be dismissed in a 
few words. The sigmoid valves are duplicatnres of the intima, 
each of which forms a semicircular fold with its convexity 
directed towards the current; the terminal points of the lines 
along which the valves are attached, being all in the same hori- 
zontal plane. Accordingly they form pouches, which touch one 
another by their outer surfaces when they are filled with blood, 
and so close up the tube. The peculiar way in which these, flaps 
are attached, renders it impossible for them to move otherwise 
than toith the cmTent The cuspid valves on the other hand, 
consist of moveable curtains, attached in the same horizontal 
plane, at right angles to the axis of the vessel ; and these, so far 
as their mode of attachment is concerned, might be folded over to 
either side indifferently ; nevertheless, they too can only yield 
to the blood-current in one direction, inasmuch as the union of 
their free borders with the chordae tendineo) prevents their being 
forced into the cavity of the aiuicle. 

It would indeed be matter for surprise had Nature, usuaUy so 
simple in the methods she adopts, really contrived two kinds of, 
valve in the present case, differing from one another in principle ; 
we ought therefore to consider whether the apparent diversity of 
anatomical construction may not be reducible to a simple modi- 
fication of one and the same fundamental type. Now it seems 
to me that this type is to be fomid in the sigmoid form of valve ; 
not only because of its more frequent occurrence in the organism 
(valves of veins, Ac), but also because the innocuous variety of 
perforation which we are now considering, presents us with a 
modification of the sigmoid valve, tending to approximate it to 
the cuspid type. 

Tliis perforation, as may be seen at a glance from the 
annexed figure, may be regarded as a partial separation of the 
free border of the valve, extending from the nodulus Arantii to 
its terminal attachment. Now during the closure of the valves, 
this free border acts as a retinaculum ; it hinders the valve from 
receding to too great an extent One need only put the tip of 
one's forefinger into a sinus of Valsalva, to be convinced 
that the valvular pouch is narrower at its entrance than at 
the " line of contact ;" ue. that the free margin of the valve 
forms a shorter and straighter bond between the nodulus Arantii 
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and the wall of the vessel, than doea the " line of contact" The 
free border of the valve therefore acts as a retinaoulum in 
exactly the same way as the chordie tendinesG of the cuspid 
valves. For the performance of this function it is clear that all 
that part of the surface of tlie valve which lies between the free 
border and the " line of contact," is superfluous. Hence the 
disappearance of this intermediate portion (only a few connecting 
strips of it being left) is an acknowledgment of the functional 
independence of the free border. 

In extreme cases (which are not, upon the whole, rare) of 
marginal perforation of the valves, a nearer approximation of 
the sigmoid to the cuspid type is brought about by the existence 
of an Interval between the point at which the marginal part of 
the valve is attached to the wall of the vessel, and the point at 



Fenestrated semilunar valves from the pulmonary artery. 
Natural size. 

which its " line of contact " is attached. So that the correspond- 
ing halves of the free borders of any two contiguous flaps, 
together with the fine threads which link tiiem with the " line of 
contact," spring from a point of the arterial wall above the real 
insertion of the valve. This interval between the points of 
attachment of the retinacula of the valve-flaps, and that trans- 
verse plane of the vessel which it is the business of the valve to 
close (making it possible to retain the valves in a more vertical, 
and therefore in a more secure position), is the fundamental 
principle of the cuspid type of structure. Fig. 88 represents an 
extreme example of perforation of the sigmoid valves ; the 
bundles of tendinous threads stretched over the glass rod, which 



286 CIBCtJLATORY APPAItATTJS. 

ha« been patted fVoin one bidub of VabMdvfty over the poinl at whidi 
the ^* line of contact " of the valve Bprings fhmi the wall of the 
voBsel^ into the next sinus^ perform the same office as the mUBCali 
papillares of the ventride. The point of origin of Uie ^^ line of 
contact " may now be moved ftirthcr downwards without any 
uncertainty as to the perfect competency of the valves. The 
flap itself may become gradually flatter and more pointed^ the 
nodulus Arantii being kept in its old position^ while the angle 
formed by the two limbs of each **line of contact" grows pro- 
gressively less and less obtuse ; this also is well shown by the 
specimen in the annexed figure. Briefly, the innocuous variety 
of perforation or fenestration of the sigmoid valves is^ in my 
opinion^ a connecting link between the sigmoid and the cuspid 
types. 

D. Chronic EndocarditU. 

§ 253. In marked contrast to acute inflammation, and that 
softening of the valvular tissues which results from it, chronic 
endocarditis produces an extreme condensation and thickening 
of the endocardium. Most persons suffisring ftom chronic endo- 
carditis give a history of former attacks of acute articular 
rheumatism. Hence we may admit the possibility, nay the 
probability, that the endocardial changes mihr be of acute origin ; 
a lesion, however insignificant, situated in the '^ line of contact " 
of the valves, being continually exposed to mechanical irritation, 
might refuse to heal; and might serve in consequence as a 
starting-point and centre for a chronic inflammation, such as 
we often meet with in neglected ulcers of the skin. 

On the other hand, it is necessary to throw the identity of 
this process with chronic endoarteritis into 6tix>ng relief. Li 
either case, the microscope shows an inflammatory overgrowth 
of connective tissue, followed by a secondary stage Of caloifiea- 
tion, or, more rarely, of fisitty degeneration of the newly-formed 
products. The only special feature about chronic endocarditis 
is the marked tendency of the inflamed parts to contract. 
This tendency, of course, can only manifest itself in the dupli- 
catures of the membrane, since their one-sided attachment allows 
a retraction of their free borders to take place. 

' § 254. Every point of the endocardial surface may be the 
seat of chronic inflammatabn ; yet it afi^ts the Valves and the 
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apex of the left \-entriola in raoh an overwhelming mi\jorit7 of 
caaee that I may iiurly confine my remarki to these two loDalitiea, 



E. Valvular dffectt. 

S 255. Those coarser diitwtioni of tho orifices of the heart 
which are caused by ohronio endocarditis are embraced under 
the general head of valrular defeota. These are always made up 
of three distinct anatomical fiiotora, which have to be considered 
separately in every case : 1. Thiekenitig — the immediate reanlt of 
overgrowth of tlte connective tiasae. Slight degrees of tltickening 
are extremely common at the base of the aortic valves and along 
the "line of contact" of the mitral; they do not Fig. 89. 

affect the functional activity of the valves. Higher 
degrees of the same alteration give rise to Pough 
elevations, hardened by earthy deposit; alongtbe j 
" line of oontact " of the mitral valve these are ' 
usually confined to one surface only; in the 
aortio valves they usually afieot both. They 
cover tiie entire surface of the aemilunar valves I'"'»ffic'?'»oy and 

HtenoBiB of the 
With a layer ioveral Imes thick, so that mstoad aortic orifice, 
of tiiree delicate, sigmoid flaps, we ultimately ^Sof^f 
find three rigid, tuberculated bodies festooned ^he valve-flaps, 
ronnd the wall of the aorta (fig. 89). Natural liae. 

2, Sttraetion, This result* firom shrinking of the hyperplastic 
connective tissue. Together with the thiokening, it gives us the 
impression that the entire mass of the valve is crumpled into a 
small, ^ongated roller — that the curtain is rolled up. Curiously 
enoogb, the oarrow borders of the aortio v^ve beyond the " line 
of coutoot" often remain unaltered, and hang from the free 
edges of the shranken valves like flexible bonds. At the mitral 
orifice, where the process extends to the chordsa tendinee, the 
shortening causes the valve to be dragged down into the ^'entri- 
cular cavity, thus fixing it in the attitude which it ought only to 
occiq>y after the close of each systole (fig. 90). 

3. Adhesion. The tissuo of the inflamed valve, notwith- 
standing ite rigidity, is capable of a certain degree of internal 
movement ; it is in a state of inflammatory finxion, which allows 
it to adhere to its fellows, wherever they happen to touch. Bo long 
as the valvular apparatos retains its normal mobiU^, any two 
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pointa which touch each other during the closure of the valve, 
are always separated when it opens; but the inflamed valves no 



lanifBciencj and Btenosis of the mitral valve. The valre is 
converted into a rigid Ainnel, laid open at a; the ronsculi 
papillores have been cnt away fVom the Tentrimilar walL 
The ent snrfaoe at a ahowB the thickening of the flaps, 
irhich ia also seen in the background ; at a moreover there 
ia a nucleus of calcification. The chordra tendineffi are 
thickened and fused together^ the muse, papillares indurated 
and tendinous at their tips. 

longer, aa a rule, poBsess their full mobiUQ'; and adheaion 

always be^ns between those points which are least separated 

during the opening of Uie valves. The ooales- 

Pio. 91. oonce of two neighbouring flaps takes place along 

6"^. the " line of contact " from without inwards. In 
^r A *^^ sigmoid valves of the aorta the fusion always 
II^jU ocoors first between tlie right and posterior flaps. 
W M When once it has extended as far as the nodulos 
'"^.jf^Mt/r Arantii, the partition between the adjacent Onuses 
7^^^ of Valsalva sinks down, and the two flaps are 
■^i^^'n",? T«a! fused into one ; this in some measure does tlie 
work of both, unless otherwise prevented by 
thickening and contraction (fig. 89). Fusion of 
the curtains of the mitral, stands foremost as 

, regards frequency and mischievous effect The 

itronBiBtB'*of aiiriculo-ventricular orifice is thus gradually 
onlj two flaps, narrowed from either side, till it finally becomes 



right and pos- 
terior flaps of 
the aortic valve. 
At a the line 
of nnion. The 
valve [ 
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a mere slit, the mitral valve forming a rigid diaphragm between 
the auricle and ventricle. The fusion of the chordae tendineas 
(fig. 90) starts from their points of bifurcation and their oblique 
insertion into the under surface of the valve. This contributes 
not a little to the rigidity and immobility of the valve. 

Clinical Applications of the above Statements. 

It is obyious that the existence of valvular defects must cause pro* 
fonnd disturbances, first in the movement of the blood, and secondly in 
the functions of the various organs. Valvular lesions, whether due to 
chronic changes or to acute endocarditis, may, from this point of view, 
be grouped under two heads : 

1. Thickening, rigidity, calcification and coalescence of the valves 
prevent their being accurately applied at the right moment to the wall of 
the vessel or the ventricle (sc in the case of the aortic valves, during the 
systole^ in that of the mitral, during the diastole), so that the valve con- 
tinues to project into the corresponding orifice, narrowing its lumen 
{itenosie). The blood-current impinges upon this obstacle and so causes 
a murmur which is best heard at that point of the thoracic wall, to which 
it is most directly conducted. 

2. Retraction, perforation and partial detachment of valves, and 
rupture of chordaa tendineas, prevent the valves from completely closing 
their respective orifices, at the moment when their tension ought to be 
opposed to the regurgitant current of the blood ; an opening is con- 
sequently left, through which tha blood returns into the cavity from 
which it has just been driven (insufficiency). The closure of the valves 
is normally accompanied by two audible sounds ; the first, systolic in 
rhythm, is due to the tension of the mitral valve ; the second, diastolic 
only, to that of the semilunar valves. Now if this sudden tension does 
not occur, the corresponding sound must also bo wanting. In its place 
we may have a murmur caused by the regurgitation of the blood through 
the abnormal orifice ; a murmur which may indeed be intense, but must 
always be of short duration. Stenosis and insufficiency always occur 
together as a result of chronic endocarditis ; acute endocarditis, how- 
ever, by causing perforation and detachment, may be followed by in* 
sufficiency without stenosis. 

a. Stenosis and Insufficienctj of the Aortic Valves (figs. 89 and 92). 

The left ventricle of an adult pumps about three ounces of blood (a 
wineglassful) into the aortic system at each systole. The increased resist. 
ance offisred by the contracted aortic orifice is transferred as an increase of 
systolic pressure to the internal surface of the left ventricle, and, accord- 
ing to the law laid down in § 235, must lead to its hypertrophy. At the 
same time the stenosis will cause a systolic murmur which will be most 

19 
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distinctly heard over the right edge of the sternam on a leyel with the 
second intercostal space^ inasmuch as the ascending limb of the aortic 
arch lies in close proximity to the thoracic wall at this point (fig. 92, r). 
The murmur is propagated into the arteries. Another series of pheno- 
mena manifests itself during the diastole of the heart. The insufliciency 
of the sigmoid yalves allows a part of the blood which has jii&t been 
driven into the aorta to regurgitate, as the pressure m thelefl yentricle, 
when it is relaxed, stands lower than that in the aorta. The familiar 
diastolic click of the healthy valve is no longer heard ; its place is taken 






Hypertrophy of left ventricle. Heart in aUa, a. Loft mammary 
line; h, Y. cava superior; c. Aorta; d. Bulb of pulmonary 
artery; e. Right auricle; /. Right ventricle; g. Left auricle; 
h. Left ventricle (normal size); o. Left ventricle (hyper- 
trophied). 

by a second, diastolic murmur, most clearly heard over the heart's apex 
towards which the returning blood-current is directed. A farther con- 
sequence of the valvular insufficiency is the rapid collapse of the pulse 
in the arteries ; the mechanism of the collapsing pulse in the present 
rase being different from that in chronic endoarteritis. The chief danger 
which threatens patients suffering from stenosis and insufficiency is 
undoubtedly the lowering of the blood-pressure in the arteries, and 
the consequent equalisation of the arterial and yenous tensioDi 
whose difference alone it is which renders the passage of the blood 
through the capillariefl possible. Hence the blood aocnmulateB in 
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the Teins and in the pulmonary cironlation, causing cyanosis, dropsy, 
Sk, Meanwhile these extreme symptoms are warded off for a long 
time by the dilatation of the left heart which accompanies its hyper- 
trophy ; this enables it to accommodate an abnormally large amount of 
blood and adapts it to receive a part of that which has just been driren 
out of it. This dilatation is a result, not of the insufHcieucy, but of the 
stenosis; but it makes amends for the insufficiency jast as hypertrophy 
obviates the dangers of stenosis. All these methods of spontaneous 
compensation however, have their limits. Supposing the obstruction at 
the aortic orifice to be complete, it is clear that the utmost degree of 
hypertrophy and dilatation would not suffice to obviate the imminent fall 
of tension in the aortic system. Now cases of stenosis occur which are 
really not far removed from complete occlusion of the aortic orifice. 
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Hypertrophy of right ventricle. Heart in situ. References as 
in previous figure. Dotted line represents outline of hyper- 
trophied right ventricle. 

/8. 8tenaai8 and Insufficiency of the Mitral Valve (figs. 93 and 90). 

Stenosis of the mitral orifice impairs the facility with which the 
blood normally flows into the left ventricle during the cardiac diastole. 
The blood stagnates in the left auricle. This stagnation causes a 
pressure in its interior analogous to the increase of systolic pressure 
upon the inner edt-face of the left ventricle in stenosis of the aortic 
orifice. The left auricle indeed, under such circumstances, is prone to 
undergo dilatation, which is however, always associated with some 
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thickening both of tho muscular coat and the endocardium. A diastolic 
murmur is naturally generated in the contracted auriculo-yentricQUr 
orifice during the cardiac diastole ; this is best heard at the heart's apex, 
towards which the blood-current is directed. Next comes the systole. 
During this, a portion of the blood which has passed into the ventricle, 
is driven back into the auricle through tho incompetent valve ; hence a 
systolic murmur replacing the first sound, so far as this is due to closure 
of the mitral valve. In this partial regurgitation of the blood from the 
left ventricle, we have another cause of increased blood-pressure in the 
left auricle. So that the insufficiency and the stenosis combine to cause 
increased tension in the left auricle, and in the whole pulmonary circu- 
lation. All the important clinical phenomena group themselves round 
this as a centre. The increased tension is to some extent salutarj, 
inasmuch as it assists in filling the left ventricle rapidly and completely 
during the diastole, in spite of the contraction of the mitral orifice. It 
compensates therefore in some degree for the valvular defect. On the 
other hand, however, it occasions congestion of the pulmonary vessels, 
a passive hyperemia of the lungs, which leads to "brown induration'* 
of those organs (cf. Morbid Anatomy of the Respiratory Organs). The 
second sound of the heart, so far as it is produced by the pulmonary 
valves, appears exaggerated, owing to tho increased tension of their flaps. 
This is most distinct to the left of the sternum, on a level with the third 
rib, where the coims arteriosus (fig. 93, d) lies nearest to the chest-wall. 
Again, the work of the right ventricle is increased, inasmuch as it has 
to open the tightly-stretched valves of the pulmonary artery with each 
systole, and to pump tho blood it contains into the already ovcr-distcnded 
pulmonary system. The result of this is hypertrophy of the right 
ventricle (see § 235). The hypertrophy is associated with dilatation. 
The right auriculo- ventricular orifice takes part in the dilatation, and 
ultimately gets bo wide that the tricuspid valve no longer siiffices to 
close it during the systole. A relative insufficiency of this valve also is 
thus brought about; the stasis extends to the systemic veins, and 
leads to morbid changes in the liver, alimentary tract, kidneys, &c., 
which we shall have to consider when we treat of the morbid anatomy 
of these organs. A highly characteristic symptom of this relative in- 
sufficiency of the tricuspid valve is the so-called " venous pulse," due to 
propagation of the systolic wave into the principal veins. Stenosis with 
insufficiency of the pulmonary valves is nearly always congenital and 
will be referred to in the third section of the present chapter. Stenosis 
with insufficiency of the tricuspid is exceedingly rare. The presence of 
Tenons pulsation is ono of the chief guides to its recognition. 

F. Fibroid Patch and partial Aneurism of the Heart. 

§ 256. Chronic endocarditis leads to very different results 
when it invades that part of the endocardium which lines the 
cavities of the heart The hyperplastic thickening of the con' 
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nectlve-tissue layer in this region, never gives rise to any appre- 
ciable elevation of the surface ; on the contrary, the aiFected 
spet is from the first depressed below the level of the surrounding 
parts; this depression passes by slow degrees into an actual 
bulging, and finally into an aneurism. 

The anterior wall of the left ventricle is the usual seat of such 
alterations. Here, in the neighbourhood of the heart's apex, 
the endocardium assumes a milky, tough, fibroid appearance 
over a spot as large as a dollar, or even larger. Its surface is 
smooth ; smoother indeed than it ought to be ; we miss the irre- 
gular conformation which this region in particular owes to the 
columnar cameae. On cutting into it we find that underneath 
the thickened endocardium not only the columnae carnese, but 
the entire muscular coat has disappeared. We find a " tendi- 
nous spot " extending through the entire thickness of the hearths 
wall, from one to two lines thick, made up of white, dense, 
inelastic connective tissue ; in it we are no longer able to dis- 
tinguish endocardium from muscle, muscle from pericardium. 
Under these circumstances it becomes a question, whether the 
entire process is not to be regarded as essentially a circum- 
scribed indurative inflammation of the muscular tissue (§ 242). 
There can be no doubt that the muscular coat of the organ is 
really destroyed by an overgrowth and shrinking of the inter- 
stitial connective tissue. At the edges of the affected part, 
where the myocardium, growing gradually thinner, passes into 
the tendinous patch, I have never failed to find ati*ophied 
muscular fibres, lost in a connective tissue rich in corpuscular 
elements, though not in a state of luxuriant proliferation. But I 
insist that this process must be regarded as a direct extension of 
the chronic inflammation of the endocai'dium to the subendo- 
cardial and intermuscular connective tissue. For the myocar- 
dium is not alw<ays utterly annihilated; and it is usually its 
outer, not its inner layers which still remain intact. 

§ 257. The fibroid patch, as I have already said, forms a 
necessary preliminary to a circumscribed dilatation, a partial 
aneurism of the heart. Notwithstanding its innate tendency to 
contract, the newly-formed connective tissue which has taken 
the place of a portion of the heart's muscular wall is unable to 
resist the pressure of the blood. The afiected patch is accord- 
ingly stretched, and assumes the shape either of a uniform. 



294 CmCULATOUY APPARATUS. 

shallow bulging, or of a rounded, saccular appendage to the 
heart's apex, communicating with the interior of the ventricle 
by a somewhat narrow opening. The size of the aneurism varies 
within wide limits, from that of a cherry to that of a hen's egg. 
Coagulation not unfrcquently occurs in its interior ; the pro- 
bability of such a complication being proportionate to the degree 
in which the aneurism approaches the saccular or pedunculated 
type. In marked contrast to the aneurismal dilatations of the 
larger arteries, this form occasionally undergoes spontaneous 
obliteration ; a phenomenon which depends, according to i2oitt- 
tanshiy not so much on the presence of a clot, as on the develop- 
ment of vegetations of connective tissue from the inner surface 
of the sac. Rupture seldom occurs, and only when the walls 
of the sac are extremely thinned ; in striking contrast to its 
frequency in cases of acute aneurism of the heart due to sup- 
purative myocarditis. 

G. Tliromhosis of the Heart, — Polypi of the Heart. 

§ 258. If we glance at the usual causes of thrombosis, 
(roughening of the inner wall of vessels, and retardation of the 
blood-current) we shall be led a priori to the conclusion, that 
diseases of tlie heart must afford excellent opportunities for the 
occurrence of this phenomenon. Attention has already been 
called to the fact that the recent efHorescences of endocarditis 
are usually coated with fibrinous deposits of variable thickness ; 
such deposits are very rarely to be seen on the surface of in- 
durated valve-flaps, even when these exhibit projections and 
irregularities of every sort. Wo must nevertheless remember 
that every irregularity of the endocardial surface may serve as 
a nucleus for the precipitation of fibrin. True, the thrombi so 
produced are usually of moderate dimensions, and are never con- 
verted into those great, globular coagula which are briefly termed 
"polypi of the heart," or, with LaenneCj "vegetations globu- 
leuscs." These are always due to a relative retardation or 
absolute stoppage of the movement of the blood in certain 
regions of the heart. The most usual case is that of incomplete 
expulsion of the blood contained in one or other of the heart's 
cavities owing to stenosis of an orifice, or to imperfect con- 
traction of the organ. That portion of the contained blood 
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which is farthest from the orifico of exit does not get driven 
out ; it remains in the apex of a ventricle or an auricular appen- 
dix as the case may be. In these regions there are a number 
of pouched recesses, often branched and hidden , from which the 
blood can never be expelled save by very complete contractions. 
Such recesses do a great deal to help coagulation ; it is in them 
that we always find the first beginnings of the process. A 
number of little clots are often found blocking up the inter- 
trabecular spaces of the heart's apex, to such an extent as to fill 
up, more or less completely, the inequalities which normally 
exist in that region. 

§ 259. The next step is for the various thrombi to protrude 
from the nooks in which they had their origin ; the contiguous 
ones coalesce ; and in this way, simple clots of considerable 
length and thickness are produced, which take up a great part 
of the heart's cavities. Their shape conforms in a general way 
to that of the cavity which they partially fill, and to whoso 
inner surface they are closely applied at each systole. I have 
seen a thrombus occupying the left auricle project through a 
contracted mitral orifice (where it exhibited a corresponding con- 
traction) into the left ventricle, where it again swelled out. The 
clots usually terminate in a rounded end, which led Laennec to 
call them " vdgdtations globuleuses." Their colour depends on 
the time thev have existed. We seldom meet with thrombi of 
any size which are still solid throughout. Such thrombi exhibit 
an exquisitely laminated composition, and it is easy to see that 
this concentric lamination begins in the most external layers of the 
clot, and that the outermost lamelloB are consequently the oldest. 

The farther changes which the thrombus undergoes depend 
upon the fact that its peripheral layers are better able to obtain 
nourishment than its nucleus. As a rule therefore, we find de- 
colorisation and softening not in the oldest, but in the most 
central parts of the entire clot, from which these changes spread, 
layer by layer, to its surface. They may progress until we have 
a spherical cyst filled with puriform fluid, attached to the walls 
of the cavity by solid rootlets (the first intertrabecular coagula). 
I need hardly add, that if the thrombus should by any chance bo 
broken up, the patient will be in imminent peril of embolism, and 
the inflammatory and suppurative accidents which flow from 
embolism. 
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Fig. 94. 



3. CoNGENiTAii Malformations of the 
Circulatory Apparatus. 

§ 260. Among congenital malformations of the circulatory 
apparatus, retarded development of the circulatory system as a 
M'hole, in comparison with the remaining parts of the organism^ 
deserves the first place. This shows itself primarily in an ab- 
normal smallness of the heart ; the calibre of the aorta and its 
principal branches being proportionately narrowed and their 
walls thin. Careful investigation proves that all the smaller 
arteries and veins are more feebly constructed than they should 
be. This condition, which principally affects persons of the 
female sex, is nearly always complicated with corresponding 
defects in the development of the blood (^see Chlorosis, § 176), and 
of the sexual organs ; but which of these three sets of deficiencies 
ought to be regarded as primary, and which as secondary, must 
remain uncertain. The membranous part of the ventricular 
septum is deserving of especial notice in these cases, inasmuch 

as it is usually very large, and predisposed 
to aneurismal dilatation (§ 251). 

§ 261. A second group of congenital 
malformations depends on some disturb- 
ance of the earliest stages in the develop- 
ment of the heart and great vessels. 

Everybody knows that the heart origin- 
ates as a straight contractile tube in the 
middle line of the area germinatica. This 
tube presents three dilatations (fig. 94), 
the sinus venarum communis^ the ventricle, 
and tlie hulbus aortcsj besides a number of 
vascular arches which spring in pairs 
from the aortic bulb. The shading in the 
annexed dia£:ram serves to distinofuisli 
vcTopmcnt ohhe heart ^l^^^e of the vascular arches which arc 
and great arterial ultimately obliterated, from those which re- 
*^° ®' main as permanent trunks ; the dotted line 

indicates that a partition, growing from before backwards, separates 
the innominate trunk from the left cai'otid and subclavian. The two 
latter vessels are then displaced along the aortic arch until they 
reach the points at which they are given off in the adult animal 
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(fig. 95). That portion of the arch which intervenes between 
tiie left subclavian and the ductus arteriosus BGt(Mif is termed the 
isthmus aortce. 

Departures from this order during the early development of 
the great vessels are not infrequent Thus the septum between 
the innominate and left carotid may go beyond the arch, may 
extend into the aortic bulb. We then get a double ascending 
aortaj whose smaller right limb is nothing but the innominate 
trimk which has become independent 

Should the separation of the left carotid from the left sub- 
clavian remain incomplete, the two vessels spring from a common 
trunk, a left innominate artery. 

Again, the third right arch (counting from below) may be 
converted, not into the right subclavian, but into the right 
carotid, the fourth right arch into the left carotid, and the 
fourth left arch into the left subclavian, so that we have a super- 
numerary trunk on the left side, and no provision for the supply 
of the upper extremity on the right side. It is as though the 
vascular and the organopoietic layers had been shifted upon one 
another. Nature provides a remedy by guiding the supernumerary 
vessel behind the OBSophagus and the trachea to the right upper 
limb, thus placing the oriffin of the right subclavian below that of 
the left one. 

Finally, to this early period of development I must also refer 
the congenital contraction or occlusion of the descending aorta. 
At the point where the ligamentum Botalli is attached to the 
descending aorta, we find a sharply-defined contraction of the 
entire tube. In the majority of the hitherto published cases, 
the lumen of the vessel was entirely obliterated. A collateral 
circulation had been established between the ascending and the 
descending aorta by means of anastomoses between the first 
intercostal, internal mammary, dorsalis scapulae, subscapular, 
thoracic and epigastric arteries. It is my belief that this oblitera- 
tion, which i2o^iton«/;i particularises as obliteration of the isthmus 
aortcBy occurs before the separation of the heart into a right 
and a left half — at a time therefore when the blood can still pass 
through the ductus arteriosus Botalli into the descending aorta 
(fig. 94) ; for a contraction of the aorta in opposition to the 
high pressure of the blood would be contrary to all our experi- 
ence of the mechanics of aneurism. 
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§ 262. Tho S-8haped curvatnre of the cardiac tube advances 
simultaneously with the partial obliteration of the aortic arches. 
Tliis it is which determines the position of the heart For as 
soon as it is complete, we find the lower loop of the S, the future 
apex, turned towards the left side, we see the venous sinus enter- 
ing below and behind from the right side, and tlie aorta given 
off above and in front, towards the right, bending back to form 
the arch with tho second turn of the S (fig. 95). 

If we inquire into the mutual interconnexion of these pheno- 
mena, we shall find it necessary to give an indirect and circuitous 

answer. We must start from the proposition 
Pig. 95. ^j^^. j^ column of fluid, driven through an elas- 
tic tube under high pressure, tends to assume 
a spiral form. This is easily shown by fasten- 
ing a relatively narrow tube of gutta-percha to 
the^ nozzle of a water-tap, from which a full and 
powerful stream is issuing. Even the simple 
cylindrical column exhibits the rotation when 
it is looked at, if possible, in front or from 
behind ; but if we compress the aperture of 
exit slightly, so as to give it more of an oval 
form, we may see the spiral curve of the flat- 
The heart of the tened column from the side as well. The ex- 

cora^etion^of Us P®'"'"^®"* ^^ really superfluous, since we per- 
S - shaped flex- form it every time we pass water. It is only 
ure. The trunks when the detrusor vesiccB is too feeble to drive 
the anjh m their ^^^ urine through the urethra under the usual 
final order. Due- pressure, that the spiral twist of the stream is 
Botalli*** enosus ^ff^^^^ , hence its absence is justly regarded as 

a premonitory symptom of pai*alysis of the 
bladder. Tho above remarks apply with equal force to the 
flow of the blood through the vessels. The column of blood is 
spirally twisted, or, what comes to the same thing, it behaves 
like a cylinder which has been spirally twisted in one direction ; 
and it imparts this twist to the entire vessel whose form it 
regulates. 

Whether a body is twisted from right to left, or from left to 
right, may be seen by approximating any two of its points which 
are not too far apart, and so making it bend at an angle. 
Suppose by way of illustration we take a pocket-handkerchief, 
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and after folding it lengthwise, twist it forcibly from left to 
right; then, holding it vertically, let us try and approximate the 
two ends which we hold — one in each hand; the immediate 
result is a loop, with its convexity turned to the left. Now the 
cardiac tube behaves exactly like this handkerchief, when tlie 
aortic bulb approaches the sinus venosus. The loop turned to the 
left corresponds to the heart's apex, while the piece below it 
represents the inferior cava, that above it, the aorta. The 
cardiac tube therefore bends, not like a smooth cylinder, but like 
one which has been twisted from left to right. We may there- 
fore assume that in most persons the column of blood is twisted 
spirally from left to right, and that to this cause is due the 
usual position of the heart on the left side. 

But there are cases in which this rotatory movement takes 
place in the opposite direction. In these, the curvature of the 
cardiac tube con*esponds to that of a cylinder which has been 
twisted from right to left ; the heart's apex is directed to the 
right side, and the asymmetrical viscera, whose development is 
subsequent in point of time to that of the heart, are completely 
transposed (situs viscerum inverstai). The liver lies on the left 
side, the spleen on the right ; the cardia is turned to the right, 
the pylorus to the left; the right lung has two, the left lung 
three lobes, and so on. AVe may infer from this, that the asym- 
metry of the hcai't is responsible for whatever asymmetry exists 
throughout the animal organism. 

§ 263. A new phase in the development of the heart is 
brought to a close by the downward displacement of the common 
pulmonary trunk along the anterior surface of the bulbus aoiicF, 
and the simultaneous development of the septum ventrieulorum. 
This process is also liable to be disturbed. For it sometimes 
happens that the trunk of the pulmonary artery descends along 
the posterior instead of the anterior surface of the aorta. We 
thus find the aorta placed over tlie right ventricle^ the pulmonary 
artery ov«* tlie left one^ a malformation which can only consist 
with life so long as the circulation of Sabatier remains open, and 
enables the pulmonary function to be dispensed with. 

§ 264. Finally, we have yet to consider congenital stenosis of 
the right hearty and particularly of the conus arteriosus and the 
orifice of the pulmonary artery. This is probably a result of 
endocarditis during foetal life. We find just the same state of 
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hyperplastic induration, ^ith which we became acquainted in 
chronic endocarditis. The general effect of the changes in 
question is a cicatricial stricture of the orifice. White, glisten- 
ing bands of connective tissue are put on the stretch whenever 
we try to open out the cut edges of the conus arteriosus. The 
valves usually appear puckered and thrown into folds, as though 
their base of attachment had been narrowed. Moreover, the 
development of all the affected parts appears to have been 
retarded; they are small and dwarfed. The canal is usually 
constricted to a degree hardly short of absolute closure ; the 
effects of this constriction are highly complex, owing to the fact 
that it occui*s at a period in the development of the heart, when 
its separation into a right and a left half is not yet complete. 
Let us suppose in the first place that the right ventricle cannot 
discharge its contents through the pulmonary arteries ; and let 
us inquire tlu'ough what channels it does discharge them? 
Through the aorta. Tlie septum ventriculorum is still imper- 
fect ; growing upwards from the apex, it has not yet become 
attached to the base. It is pushed over towards the left ven- 
tricle, so that the dilated orifice of the aorta comes to be placed 
over the right as well as the left ventricle, comes to spring from 
both ventricles at once. If we consider further, that by oblitera- 
tion of the pulmonary trunk, the chief mode of access to the 
pulmonary circulation is cut off, we are led to inquire how the 
lungs receive their supply of blood? In the first place, they 
receive less blood than they ought ; the blood accumulates in tlie 
venous portion of the systemic circulation ; this is the chief cause 
of the incessant dyspnoea from which persons afflicted with this 
malformation suffer. Moreover the blood which the lungs do 
not receive through the contracted pulmonary artery, reaches 
them from the aorta, partly through tlie ductus arteriosus Botalliy 
which remains pervious, partly through the bronchial arteries, 
whoso anastomoKCs with the pulmonary circulation undergo 
marked dilatation in these cases. Meanwhile it is quite dear that 
all these arrangements, even when they attain their maximum 
degi'ce of efficiency, can only afford a sorry compensation for 
the disturbances produced. For just as in tlie single-chambered 
heart of fishes, the arterial and venous blood are mingled in tlie 
aorta. The lungs receive blood which is only half venous, and 
are in consequence less capable of removing the carbonic acid of 
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the entire mass of blood. The blood becomes more venous ; it 
is colder and darker than it ought to be. Add to this the accu- 
mulation of the blood in the systemic veins, the inevitable con- 
sequence of every disturbance in its passage through tlio heart, 
but which is especially marked in cases like this. The veins of 
the extreme parts, of the lips, eyelids, nose, ears, hands and feet, 
are permanently distended with blood, so that the blue, livid 
coloration of those parts, cyanosis^ becomes one of the pathogno- 
monic signs of the condition in question. 



IIL-MORBID ANATOMY OF SEROUS MEMBRiVNlS. 

§ 2(55. A right miderstanding of tho normal condition and 
tlie physiological significance of any organ, has always been 
deemed the most reUablo basis for the determination of what- 
ever changes it may undergo in disease. This principle holds 
good most especially in the case of serous membranes. An 
error which used to be common in the anatomical description of 
serous membranes, and one which we occasionally meet with 
even now, consists in defining them as membranes which differ 
from the other membranes of the body in possessing a very tliin 
stroma of connective tissue coated with a single layer of pave- 
ment-epithelium. This comparison of serous membranes with 
other membranous structures and particularly with mucous mem- 
branes has led the way to many faulty judgments concerning 
their morbid anatomy. I regard any such comparison as wholly 
inadmissible. 

In order to arrive at a just conception of the real nature and 
significance of the serous membranes, we must refer to a former 
disquisition (§ 72), in which an attempt was made to show that 
the unformed connective tissue of the body was a continuous 
whole, in which the muscular and nervous fibres, bone and carti- 
lage, epithelial tissues, &c., were embed Jed. A higher degree of 
structural union between these formal elements and the associated 
connective tissue, constitutes ^^ organs," such as the muscles, 
the membranes, the bones, the brain. Between any two adja- 
cent organs however, there is usually interposed a somewhat 
thicker layer of connective tissue ; and should those organs be 
obliged in the discharge of their proper functions to glide upon 
one another, such movement can only become possible if the 
intermediate layer of connective tissue splits up into two lamellae, 
having their opposed surfaces smooth. Now the visceral and 
parietal lamellas of any serous sac are just such layers of con-* 
nective tissue ; their membranous character does not denote anj 
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organic independence ; it is immediately derived from the general 
continuity of the connective tissue throughout the body. A 
serous membrane is merely a layer of this connective tissue 
Tvhose continuity does not happen to be interrupted by the im- 
plantation of structural elements of a different order. The 
serous sac is an interstice — a fissure in the general connective 
tissue of the organism. 

§ 266. This view is hard to grasp ; but its value in enabling 
us to judge rightly concerning all the morbid states of serous 
membranes can hardly be over-estimated. In the first place, it 
defines the problem which we have to solve. It implies that the 
connective tissue of the serous membranes is uninterruptedly 
continuous with the interstitial connective tissue of those organs 
which they invest The inference from this is plain : that the 
serous membranea may, and do in fact take part in all the 
morbid changes to which the interstitial connective tissue of 
those organs is liable. We are compelled for convenience sake 
to put asunder things which are naturally connected, and to 
postpone our consideration of a large number of morbid changes 
in which the serous membranes are involved — ^viz. chronic inflam- 
mations and formative processes — ^till we come to speak of the 
several organs. The present chapter will be devoted to those 
superficial disorders which really are confined to the serous 
membrane ; abnormal secretions, excrescences and parenchyma- 
tous alterations — if a serous membrane can be said to have a 
parenchyma. 

§ 267. Let us begin by reviewing briefly the normal anatomy 
of serous membranes. Here too we shall find our definition of 
great use, more particularly as regards the epithelium. Every- 
body knows that the serous membranes are lined by a single 
layer of pavement-epithelium. Flat, polygonal, nucleated cells 
form a mosaic; by treatment with silver nitrate their outlines 
may be readily defined (fig. 96). Is there any tissue in the his- 
tological series whose structure seems at first sight to be simpler 
than that of pavement-epithelium? But this simplicity is only 
apparent. The question as to the position of the nucleus plunges 
us at once into difficulties. Is the nucleus lodged in an interstice 
of the plate, as in the flattened cells of the epidermis ? or is the 
plate furnished with a hole into which the nucleus is fitted like 
a pane of glass into its frame ? Neither of these views is the 
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true one. The nucleus adheres to one Burface, and always to 
the under surface of the cell.* It ia 

■ attached by meajie of a variable amount 

of finely-granular protoplasm. Thus we 
see that tlie cell, apparently so Gimple, 
consists of at least two parts; a homo- 
geneous, glassy, polygonal plate, and a 
k nucleated mass of protoplasm. The quan- 
tity of the latter is usually just enough to 
. , . fix the nucleus in its place under the middle 

dothBlium,Ht>). Each "^ ™ p'^^; sometimes, however, tiers 
cell conaiBting of a may be enough of it to form a uniform 
nL" pllS'l^d^'^^- ^^y^*"' conterminous with the homogeneous 
cleated layer of proto- plate. In the latter case the cells, whffll 
plasm. The latter re- looked at from above, exhibit a finely- 
trscted at o a. After , .,-..- .. ^ 

Miinch. ^. granular aspect On turning our attention, 

however, to the points at which the indi- 
vidual cells are in contact, we may often observe clear, circular 
gaps in the granular layer, over which the homogeneous lamells 
extend uninterruptedly. These gaps are duo to a slight reces- 
Bion of adjacent masBCS of protoplasm from one another 
(fig. 96, a). 

The simplest explanation of this twofold structuro of the 
epithelial cells is afforded by the conception of tlie sorous cavities 
as interstices in the connective tissue. The epithelial cells which 
line the serons membranes are not epithelial cells at all, in tie 
ordinary sense of the word; tliey do not combine an independent 
morphological finality with an equally independent functional 
completeness, like tlie epithelia of mucous membranes. The 
epithelial cell of a serous sac is essentially an endotlielial element. 
It originates in a partial hardening of the protoplasm of a soft 
consective- tissue corpuscle ; this portion forming the homo- 
geneous plate, while the residual protoplasm together with the 
nucleus, remain unaltered. This protoplasmic residue however, 
belongs at once to the homogeneous plate, and to the mter- 

* Thii U tmconditionallj true onl^ of the adnlt orguuem. In the 
embrjo, the homogeneous plate referred to in tlio text does not jet 
exist, H » role; and the futare endothelial cells, with their abundant 
protoplasm, often in a state of active proliferation, lie naked npon 
the surface of the couDeotive tissue- 
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cellular substance of the adjacent connective tissue, it is the 
vital centre for both. Li the peculiar structure of the great 
omentum we have an opportunity of convincing ourselves of this 
twofold significance of the serous epithelia. We know that the 
fully developed omentum is in its finer texture a network, whose 
trabeculsB are made up of sinuous connective-tissue fibres. It is 
only the larger trabeculas which are traversed by an axial blood- 
vessel. The smaller and smallest ones are simply cylindrical 
bundles of connective-tissue fibres which contain neither vessels 
nor cells in their interior. Where then, may we ask, are the 
corpuscular elements of this connective substance? We must 
either admit that we have here a connective substance destitute of 
cells, or we must assume that the nuclei of the superjacent 
epithelia perform the function of connective-tissue corpuscles as 
well. The latter is imdoubtedly the more correct view. For if 
we detach the epithelial layer by the aid of dilute acetic acid and 
a moderate amount of mechanical force, we often find that the 
nucleated masses of protoplasm remain adherent to the connective 
tissue, while the plates are set free without their nuclei. The 
same phenomenon, as we shall see forthwith, occurs at the out- 
set of acute inflammation. Moreover, the products of morbid 
growth originate from these cells also ; so that the pathological 
histology of the serous membranes is one long chain of evidence 
in favour of the view that their epithelia are at the same time 
the outermost cells of the connective tissue. 

As regards the connective-tissue stratum of the serous mem- 
branes, I need only say that it is nearly always of extraordinary 
thinness, and that, particularly in the visceral laminse of those 
organs whidi are subject to considerable variations in bulk, it 
contains a rich network of fine elastic fibres. These fibres are 
very welcome to the anatomist as a guide to the extent and 
limits of the serous membrane in transverse sections. 

A. Inflammation. 

§ 268. We will concern ourselves first of all with tlie struc- 
tural changes to which an inflammatory irritant gives rise on the 
surface of a serous membrane.* 

* In the following sections I shall often arail niTself of the admirable 

20 
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1 cim only allade by the ifs^j to the great yarietj of the initeits 
which determine the coarse of the inflammatory process in aoooidaiioe 
with their respectiye intensity and quality. Most of them act chemi- 
cally ; the simplest case is when a foreign liquid is extravasated at 
some point into the serous cavity (perforation of the stomach, intestine or 
gall-bladder ; bursting pf an abscess or a gangrenous nodule ; enttance 
of morbid secretions from the icterus and Fallopian tubes into the peri- 
toneal sac, &c,). The etiology of peritonitis, pleurisy and pericarditis 
in zymotic diseases and rheumatism is more obscure. Here we must 
recollect that the serous cavities are to be viewed simply as inientices in 
the connective tissue. Henoe the fluid contained in the cavities partici- 
pates in whatever changes the composition of the liquor sanguinis may 
undergo. Sincci the discovery by Voy\ Becklinghamen of the absorbent 
stigmata of lymphatic vessels on the serous lining of the diaphragm, we 
may go so far as to assert that the fluid contained in a serous cavity is 
subject to a certain change or renewal. Any irritant material which 
may exist in the liquor sanguinis is thus all the more likely to find its 
way into the serous cavity. And here, just as in the joints and endo- 
cardium, a second factor comes in to increase the irritation (may we say, 
zymotic P) set up by the maferiee niorhi; I refer to the gliding of the 
opposed surfaces of the serous sac upon one another. In consequence 
of this, the one surface actually rubs the infecting matter into the other, 
and I do not scruple to regard this as a concurrent element in the pro- 
duction of the inflammation. 

The displacement which the viscera physiologically undergo, and 
the consequent shifting of the opposed surflEices of the serous sac upon 
one another, contribute in great measure (as will presently be shown) to 
the extension of a local inflammatory irritation over the whole of the 
serous surface. 

Owing to their greater simplicity, and tll« greater ease with which 
they can be followed, we will flrat direct our attention to the moyqmenta 
of the lungs in respiration, and the gliding of the pulmonary upon the 
parietal pleura. During the act of inspiration, the lung expands in all 
its dimensions; during expiration it undergoes a proportionate con- 
traction. The size and shape of the thoracic cavity adapt themselves at 
each successive moment to those of the lungs, the contact between them 
never being broken. Hq^ do the pleursB behave in the meantime? 
While the pulmonary pleura accompanies the lung in its expansion and 
contraction, the parietal pleura, attached to the thoracic wall, undergoes 
the diminution required during the expiratory act, by becoming folded 
upon itself at its edges. So that it is only at the close of a deep inspira- 
tion that the two pleursd are everywhere in contact (fig. 97). At the 
beginning of expiration, the edge of the lung (r), and with it the extreme 



researches conducted in the Pathological Institute of Bonn under my 
supervision by Dr. Munch of Saratof. All the figures marked Meh, are 
borrowed from him. 
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border of the pulmonary pleara, recede from the anterior fold of the 
parietal pleura, and glide baclcwards upon its surfaces^ tt hich fall iogether 
at the same instant, until a new inspiratory effort separates them (fig. 
98). In just the same way, every other point of the surface of the lung 
is shifted forwards and downwards to a definite extent during inspira- 
tion, backwards and upwards to a corresponding extent during expira- 
tion; the degree of its displacement being regulated by its distance 
from the motionless apex on the one hand, and the equally motionless 

Fig. 97. 




Diagrammatic section through the left half of the thorax, at the 
end of a deep inspiration. L, Lung ; B, Chest-wall ; h. 
Heart; w* Vertebras ; m. Mediastinum. 



posterior border on the other. Supposing any given point of the pulmo- 
nary pleara (a) to be wetted by the irritant fluid, it is obvious that this 
point will advance during inspiration and will contaminate a hitherto 
unaffected portion of the^opposed surface of the parietal pleara (a— /9). 
During the expiration which follows, a portion of the pulmonary pleara 
(a, h) which lies in front of the point originally involved, becomes in- 
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feoted daring the recession of the long. Lying as this does in front of 
the primarily affected spot, it will advance beyond this during the next 
inspiration, and will accordingly contaminate a fresh portion of the 
heajthy parietal pleura (P, y) * ^^ ^ word, with each breath the patient 
takes, a new zone, both of the parietal and the pulmonary pleoroB, mast 
become contaminated. The extension of the irritant matter however, 
occurs with varying rapidity in the various regions of the pleural sac. 
It hardly amounts to anything in the neighbourhood of the apex and 
the posterior border, and increases in proportion to its distance from 
these points, reaching its maximum close to the free borders. 

The circumstances are somewhat modified in the case of the peri- 
staltic movements of the bowels. At the moment when a segment of 



Fig. 98. 




The same at the end of expiration. Beferences as before. For 

a, pf y, see text. 

intestine begins to take pari in the wave of contraction passing from 
above downwards along the circular fibres, it forms, in conjunction with 
the neighbouring segment which is already undergoing dilatation, an 
inclined plane, surrounding the entire bowel. Upon this plane the 
general pressure which exists in the abdominal cavity, breaks up into 
two components; the one, acting at right angles to the axis of the 
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bowel, tends to compress it, while the other operates along its axis in a 
direction opposite to that of the contractile ware. This movement is 
aided by the recoil from the contents of the bowel as thej are forced 
downwards. The former element tends to bring the affected segment 
into contact with an area of the parietal peritonenm directly propor- 
tionate to the length of the mesentery of the affected segment (the 
attached end of the mesentery acting as a fixed point). 

These considerations, into which I cannot enter more at length, 
since they belong rather to the province of pathological physiology than 
of morbid anatomy, indicate most clearly, that a perforation of the very 
mobile small intestine is far moro dangerous than one of the fixed 
appendix vermiformis ; that a perforation of the stomach is more serious 
when it occurs on its anterior aspect and on its greater curvature, than 
when it is situated on the posterior surface and lesser curvature ; that a 
pleurisy originating at the apex of the lung tends to remain circum- 
scribed, while a pleurisy of the free border rapidly transgresses its 
original limits, and so on. 

Inflammations of serous membranes are classified on the one 
hand as acute and chronic, on the other as adhesive, suppurative 
and indurative. As these varieties shade into one another by 
infinite gradations, I prefer to adopt a mixed classification of a 
more immediately practical character. 

§ 269. — Recent inflammation. The epithelial layer is ob- 
viously first exposed to the action of any irritant applied to the 
surface of the membrane. Hence the earliest phenomena of 
inflammation will naturally consist of changes in the epithelium. 
Accordingly these changes, together with a simultaneous transu- 
dation from the distended capillaries of the afiected part, constitute 
the first stage of every acute inflammation, and the anatomical 
basis of what is shortly called a recent pleurisy, pericarditis, of 
I)eritonitiB. 

The serous membrane is reddened ; the hyperemia of the 
submucous capillaries is apparent even to the naked eye. That 
the capillaries of the serous membrane itself are gorged with 
blood and dilated, and that in consequence of this, the inter- 
mediate islets of parenchyma seem smaller than usual, may be 
demonstrated on any detached shred which is examined in 
iodised serum under a low power. The surface at the same time 
appears to have lost something of its natural polish ; this indi-* 
cates that the epithelium has become detached, and that the 
emigration of the colourless blood-Corpuscles has already begun. 
We notice a moderate amount of a reddish, soil and elastic sub- 
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stance wliich either lies loosely u{K)n some portion of the 8ur£EU»y 
or stretches in the form of threads and bands between the oppoaed 
lamellflB of the serous sac^ or else glues ihem to one anotlier. 
Tlio last-named phenomenon in particular, prevails wherever 
two serous surfaces are in contact without gliding far upon each 
other, as between the adjoining lobes of one lung, between the 
liver and diaphi*agm, between the spleen and stomach. Should 
there be much free fluid present, as generally happens in reoeut 
pleurisy, a portion of the "recent inflammatory lymph" is 
usually suspended in it iii the form of ragged flakes. If we 
take some of this matter, and examine it under a Iiigli power, 
we And large masses of cells and nuclei, together with a lax web 
of slender flbres, which prove on chemical examination to eonstst 
of a coagulated albuminous substance. 

a. Fig. 99 represents a large selection of the various forms 
of cells which were found in the " recent inflammatory lymph," 
and floiating in the exudation, on the fli*st day of a pleurisy 
excited artificially by the injection of iodine. Among them may be 
noticed free nuclei with one or more nucleoli, nuclei undergoing 
division till they are dishit^rated into a mass of little s{>heroids, 
circular cells with large nuclei and very little protoplasm^ some 
of which are in process of fissioji ; other cells with a large pro- 

Fio. 09i 










Cells and nuclei from the recent inflammatory lymph, a. Their 
detachment firom thd homogeneous plates of the sferbu^ 
epithelia. rk- (Meh.) 

portion of protoplasm, and nuclei already dividecl. I do not wish 
to assert that all these structures are derived from the epithelium ; 
the great majority have probably migrated from the vessels in 
the manner described by Cohnimm (§ 89) ; but I must insist that 
some, at least, have originated from the epithelium. The tes- 
selated mosaic of cells (fig. 96) has been broken up ; the nuclei 
have lost then- usual flattened form and have become globu- 
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lar; they h&ve also beoome detached from the homogeneous 
plates. I oamiot^ withoat ftirtheif reasons, consent to ignore 
positive results like those figured in fig. 99, a. In these 
cells the nuclei and protoplasm have not yet wholly separated 
from the homogeneous plates, but the moment of separatibit 
is evidently at hand) in one of the cells, the Utile platid 
has become quite convex on the side to which the nucleus ift 
attached ; in another one, the nucleus is kept in its place only 
by a fine thread of protoplasm ; a third exhibits the simulta- 
neous multiplication of the nuclei by fission. The detached cells 
continue to undergo proliferation, as we have already seen ; in 
brief, the epithelia which are primarily afiected by the irritant, 
i*eact towards it just as connective-tissue corpuscles would react; 
the nucleated protoplasm on their under surface producing new 
masses of nucleated protoplasm by division. The homogeneous 
plate, deprived of its nucleus, is set free, and may be recognised, 
even long after, floating about in the serous cavity. 

b. The coagulated albuminous substance, which is associated 
with cells and nuclei in the recent inflammatory lymph, has 
nothing whatever to do with the epithelium. It is rather to be 
viewed as an essential constituent of the inflammatory exuda- 
tion. The high degree of tension to which the blood in the con- 
gested vessels of the serous membrane is subjected, naturally 
causes an exudation of the liquor sanguinis to take place. We 
may convince ourselves of the great ease with which such a 
transudation may set in and continue, in any hyperaemia of 
artificial origin, whetlier it be active or passive. The exudation 
resembles the liquor sanguinis in qualitative composition, though 
its chemical elements are combined in diflerent proportions. 
The proportion of albumen in particular is very variable, being 
now above, now below, the standard of the liquor sanguinis. 
From a histological point of view, we must confine our attention 
to that element of the exudation of which we have alreadv 
spoken — the element which passes at once into the solid state— 
an4 which ia briefly termed ^^ exudation-fibrin." lliis term implies 
the assumption that the fibrin of the blood makes its way to the 
sur&oe of the serous membrane together with the liquor sanguinis, 
and tliat,OQ itt arrival there, it is deposited in a solid form. Is this 
afl6umptio& correct P Virekow has put fbrih the view that exudation- 
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fibrin, like fibrin generally, ibr prodact of the activity of the tissaes 
themselrea — that it is antochtlioDons — originating therefore, in 
the present instance, in the parenchyma of the serom membrane 
itself. I cannot agree to this. On examining the sorfaco of 
the inflamed membrane by reflected light, a keen eye may here 
and there detect little punctiform elevations, closely set — mionte 
buttons of a transparent substance. If the serous membrane is 
carefully peeled off and examined with a low power (fig. 100) 
we perceive at the first glance that the position of these nodules 
is everywhere determined by the course of the vessels. Tbey 
form rounded masses of an amoq>hous and homogeneous material 
which looks as if it had oozed out of the capillaries and arterioles 
(Uebergangsgefasse) at various points, like rosin fiwm a fir- 
tree. I regard tbis appearance as very suggestive. I belie%"e 
that it enables us to ascertain the immediate source of the 
exudation-fibrin, which is in fiict identical with the fibrin of tbe 
blood. 

The form exhibited by the coagulated fibrin under the micro- 
■cope is not always the usual one of a delicate reticulum of 



Inflamed perihinenm, Hyperfflmia and exudation. (JfcA.) ^. 

felted threads, such as exists in ordinary coagula; the jnass is 
often less fissured, and consists of broad, wavy fibres, difieriog 
from areolar connective tissue only in the absence of any r^ular 
arrangement of those fibres. On the whole, it is as easy to dis- 
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tingoish the fibrin by its irregular appearance from every other 
constitnent of the exadation, as it is difficult to convey any idea 
of the difference in words. It reaemblea neither a crystal, nor 
a cell, nor a fibre ; it is a coagulum, for the appearance of which 
I refer the reader to figs. 100 and 101. 

$ 270. — AdJusive inflammatioTu The two issues which are 
common to every inflammatory process, towards organisation 
on the one hand, towards suppuration on the other (g^ 111-106) 
recur as usual in the case of serous inflammations. They are 
doubly interesting in the present case however, inasmuch as they 
are modified in accordance with the anatomical peculiarities of 
the tissue, and agree with the typical forma already described 
only in their essentials. So much must be borne iu mind fivin 
the outset. We have to do with two opposed surfaces of connec- 
tive tissue. Now if these surfaces produce the same material, and 
this material is capable of being organised, the two layers may 
readily become fused with one another ; indeed it would furnish 
matter for surprise were such fusion not to occur here and there. 
Indeed it is quite a usual outcome of organisation for tha opposed 
surfaces to become united by bridges of connective tissue over an 
area of vatiable extent. Such bridges are called " adhesions," 
and the epithet " adhesive " is transferred to such mflammations 
as tend from the first to result in organisation of the inflammatory 
products. 

§271. The histological details of adhesive inflammation 
differ according as the inflamed sui-&ces of a serous membrane 



Iheaire inflammation. Diaphragmatic pleara. a. Muscnlar 
Bubitance of thedisphraRm; b. SubBerona tissue; e. Serous 
membrane 1 d. Boandaty-line between the serooB membrane 
and the exadation ; t. Exudation. ^^ (Jfeh.) 
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ai-c or are not 6epai*ated froin the first by a <ion- 
siderablc amount of free fluid. In the latter case, 
the surfaced remaining iii absolute contact 
throughout, the recent lymph sufllces as a rule to 
produce connective tissue, Le. adhesions, fix>m its 
own resources. This might well be thought para- 
doxical, BO long as this substance was held to 
consist of fibrin only ; such an exudation, desti- 
tute of corpuscular elements, must necessarily 
have been considei'ed incapable of undergoing 
organisation. We know now that fibrin is only 
one of the constituents of the inflammatory lymph. 
It forms a spongy framework (fig. 101) in wlrose 
innumerable pores the young cells, multiplied it 
may be by fission, are contained (fig. 101, e). 
These young cells are not so closely packed as to 
justify us in giving the name of embryonic tissue 
to the material which occupies the interstices of 
the fibrinous network ; it may be compared more 
aptly to mucous tissue, in that a certain quantity 
of a homogeneous, transparent intercellular sub- 
stance holds the cells asunder. But there is not 
a shadow of doubt that this material passes directly 
into connective tissue, that blood-vessels are de- 
veloped in its substance^ and permeate it — in a 
word, that it is physiologically equivalent to em- 
brj'onic tissue. We may observe how the cells 
which were originally round, become spindle* 
shaped ; how their processes come in contact with 
each other and are fused together ; and how that, 
no sooner is a greater resemblance, even in out- 
ward feature, established between this and the 
well-known forms of connective tissue (particu- 
larly inflammatory spindle-celi tissue, § 93), than 
the second act in the process of organisation, the 
development of vessels, sets in. There is no better 
opportunity than this, of studying the histological 
course of the secondary and tertiary modes of 
vascularisation. 

The specimens (figs. 102 and 103) were taken 
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fi'oin a false mcmbraiio between the adjacent lobes of the right 
lung in a dog, on the fifth day after a pleurisy had been artificially 
exeited by the injection of iodine. They illuBtrat© in the plainest 

Fic. loa. 




Development of reeeels and opening of a path fur the blood. 
The course of the vessel is indicated by a coi-d of ceUulur 
masses of protoplasm fitsed together. Somo of the blood- 
corpnacles have already foi'ced their way into the pro- 
toplasm, lis- 

way tho mode in which the vessels are developed ; their firxt 
appearance aa threads of nucleated protoplasm formed by tlie 
fusion of cells arranged in rows, the excavation of a channel for 
the blood, &e., exactly as I deseribetl tlioni on a former occasion. 
Figs. 104 and 105 sliow that tlie extension of the vessels occurs 
Fig- 10+. 



^aiao membrone between two pulmonary lobes permeated on 
either side by a (»pillary network, a. Serous membrane ; 
b. Lang ; c. One of the capillary networks of the felse 
membrane; d. A limited number of afferent "and effet«nb 
trnnks. T^j- (Mck-) 
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primarily in a horizontal plane. It is only at a few points (at 
dd, in fig. 104) that the afferent and efferent parent- vesaels make 
their way up through the serous layer, while in detached shreds 
of the membrane, examined from above, a vascular network of 
exoeeding beaaiy may be observed (fig. 105). 



VeBBOla in a false membrane iieveti days old. t^. {Mfh.) 

In the primary mode of adhesion, that whicli »-e are now 
considering, each of the serous surfaces generalea its own vascu- 
lar network. Thus the transverse section delineated in fig. 104 
shows two networks in one and the same false membrane, 
separated &om each other by a layer of tissue which is not yet 
vascularised. At a later period however, this becomes modified. 
For if the fiision of the opposed surfaces is not interfered with, 
the intermediate layer of connective tissue is gradually furnished 
with vessels, and tlie vascular networks ultimately unite by in- 
numerable anastomoses. 

So far we have traced the development of a layer of con- 
nective tisaue between the serous surfaces, thin indeed, but very 
richly supplied with vessels ; and tliis without any active co- 
operation on the part of the fibrinous element of the exudation, 
and without the occurrence of any notable proliferation in the 
subepithelial layer of connective tissue. We can easily lay 
hold of this false membrane, and strip it from the serous surfaces 
on which it lies. The ease with which this can be done, sponta- 
neously reminds us of tlie case with ^tiiich the epidermis can 
occasionally be sti'ipped from the inflamed cutis — and recals the 
fact, that up to this time tlie only real connexion between the 
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serous membrane and the false membrane which covers it, is 
operated by the few and feeble afferent and efferent vessels. At 
a later period we find the state of things altered. The union 
between the serous and the false membrane grows more intimate, 
and finally becomes so close that any attempt to scrape or peel 
the latter off would be futile ; the false membrane assuming the 
character of an exceedingly intimate and wholly inseparable 
bond of union between the opposed surfaces. The adhesion is 
then complete. 

§ 272. The phenomena which manifest themselves when the 
opposed walls of a serous sac are separated from the first by a 
considerable amount of exuded fluid, and when this separation is 
kept up for any length of time, are far more complicated. If we 
consider adhesion, not only as a result of, but as the mode of 
repair after inflammation, and in one sense as the goal towards 
which every superficial inflammatory product tends, and on 
arriving at which it may be regarded as mature, we must admit 
that the means for attaining this end which are at the disposal 
of the serous membranes, are far firom being exhausted with 
" primary " adhesion. They may unite not only by the first or 
second, but by a third intention also. Of union by the first 
intention I have already spoken ; the second mode is analogous 
to the repair of wounds by the second intention, to organisation 
after suppuration, with which we shall deal hereafter. 

Union by the third intention is peculiar to serous membranes ; 
it stands between tlie other two. The surfaces which tend to 
cohere are held asunder, not by pus or air, but by a fluid, 
abnormal indeed as regards quantity, but differing in no essen- 
tial qualitative character from that which is normally present in 
the interior of a serous cavity. It has no irritating properties ; 
but it hinders union, and gives room for very considerable pro- 
liferation on the affected surfaces. The products thus foimcd 
have their source, not in the epithelial layer, but in the 
parenchymatous connective tissue of the serous membrane ; 
looked at broadly, they present, as BokUamki has already 
shown, the characters of a proliferation of embryonic tissue, of a 
granulation. But I must not anticipate. 

§ 273. We are now entering upon the consideration of by 
far the commonest variety of pleurisy and pericarditis ; it is 
usually of rheumatic origin, and sets in with an abundant sero- 
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fibrinous cffusipii. We may suppose a loud, grazing friction- 
sound to have been heard at first all ov^* the affected region ; 
tliis became limited to the upper part of the serous sac, while 
tlie lower part was filled with fluid. The extent of effusion 
might have been determined by percussion. The pyrexia was 
intense, and the patient succumbed when the disease was at its 
height, partly to the fever, partly to the obstacles in the way of 
the pulmonary or the cardiac movements. We lay open tlie 
pleural sac or the pericardium, and we find it filled to a greater 
or less extent with a clear, straw-coloured fiuid, in which are 
suspended soft shreds and flakes of a yellowish-white cqlonr. 
The lining membrane is coated with a pale, yellowish or reddish, 
transparent or opaque, coherent and elastic, or brittle and friable 
substance, from which it is distinguished partly by its colour 
and consistency, partly by the fact that this matter can be 
stripped or peeled off with varying degrees of facility. The aspect 
and general arrangement of this substance gives us the notipn 
of a soft, plastic material having been introduced between the 
layers of the serous sac and subsequently moulded by the move- 
ments of the lungs or heart as the case may be. A portion of 
it has accumulated at those points where it is least in the way of 
the movements of the viscera ; it occupies all the chinks and 
qomers, it fills up the inflexion of the pleural sac betweei^ the 
diaphragm and the thoracic walls, it obliterates the cardiac 
sulcus and the fold of pericardium which is reflected qver the 
great vessels. But where the substance in question forms a 
thick layer on the surface of the heart or lungs, it exhibits a 
peculiar reticulated or villous aspect, such as might a priori be 
expected from a consideration of the alternate apposition and 
separation of the visceral and parietal lamellae; these appear- 
ances may hp exactly imitated by squeezing a layer of putty 
between two plates of glass, and then tearing them apart. 

The ensemble of these characters indicates a close analogy 
with coagulated fibrin ; and there has long been a tendency to 
regard this material simply as fibrin exuded from the blood, and 
to assume that it subsequently formed the adhesions. Various 
protests against this assumption were however lodged at an early 
period. Beinliardt in particular denied the possibility of pure 
fibrin ever becoming organised, and was the first ^ deBcvihe 
how it underwent transformation into a fatty-mucous, opaque 
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material| ^hiph pn^ed jn beoomh^g 4i9^olve4 or caseous, and 
never in being developed into connective tissue. Notwithstand- 
ing his arguments, this misconception held its ground, until 
JRokUanskCe teaching, to which allusion has been already made, 
paved the way for our present doctrines as developed by Buhl. 

In accordance with their researches, we must divide the layer 
of exudation, which lies loosely on the serous surface, into two 
strata ; 1. An upper que whichj during the height of the in- 
flammatory prpcess, assumes a disproportionate thickness ; this 
layer really does consist of fibrin, and covers in the subjacent 
one at every point. Tlie fibril accumulates in greatest 
amount on thqsp parts of thp affected organ which undergo most 
displacement, as e.g. on the free borders of the lungs ; just as in 
whipping the blood tp free it from its fibrin, the latter coagulates 
in flakes upon the stirring-rod. The appearance of the exuded 
fibrin under the microscope has already been described (§ 269). 
It forms the same coarse network as in primary adhesion 
(§ 271) ; it differs however in not being of the same thickness 
throughout, varying in this respect from a quarter of a lino to 
six lin^s or more. 2. A deeper stratqm of young connective 
tissue formed by a proliferation of the connective tissue of 
the serous membrane. We may assuipe that as soon as tl^o 
serous surface is denuded of its epithelium, the inflammatory 
action extends into thp conneptive-tissue layer of the serous 
membrane; but without attaining any considerable intensity 
till frpin the third to the seventh day of the disease. On 
examining sections, we find a number of connective-tissue 
corpuscles in the parenchyma of the serous membrane ; their 
numbers increase as we approach the surface on which they are 
set free. Upon this surface they appear embedded in a clear 
matrix, containing mucin, together with which they make 
up the layer of embryonic tissue which we are now considering. 
Both cells and matrix must be viewed as a true efilorescence 
from the serous membrane ; the true ^^ plastic exudation " is 
really formed by them, and not, as used erroneously to be 
supposed, b^ the fibrin. 

§ 274. As regards the external form of this recent "connective- 
tissue eflBorescence," we need only remark that for obvious^ 
^easons; it cannot arrive at any independent finality. Judging 
from the analogy of recent layeni of embryonic tissue occurring 
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elsewhere^ we may indeed infer that it leadf to 
of a membrane roughened bj villo6itie& Bat this 
counteracted on the one hand by the repealed 
turbances to which it is exposed, while on the odher it 
impossible at most points by the superimposed Ijjv of fibvm. 
Hence the granulation-tissue forces its way up into aD tke inter- 
sticoH of the fibrinous stratum, grows round it and thuj^gh it 
layer by layer, and thus attains a considerable degree of 
ness earlier than it would otherwise have been able to do. 
withstanding even this intimate penetration, in whidi tbe 
acts the part of a supporting framework, we must r^ed 
claims to an active share in the organising process, wlucfa 
be urged on its behalf. 

Close upon tlie heels of tliis development of embryonic 
comes vascularisation. An extraordinarily rich network of c^>il- 
laries speedily |)ermeates the young false membrane. Hie newly- 
formed vessels are characterised by their exceptionally wide 
calibre, and as is often the case with young vessels, by the thin- 
ness of their walls. On tlie other hand, the afferent and efierent 
vessels of the serous membrane are few and narrow. Tbe resolt 
is an arrangement resembling that of the retia mtrabUioj where 
the blood-pressure is proportionately heightened by the interval- 
tion of a capacious channel between an afferent and an efibrent 
vessel. A like result may be anticipated in the present instance ; 
— >and that the blood in the newly-formed capillaries is really 
under a far higher pressure than in those of the serous membrane, 
is proved by the number of extravasations which ensue both in 
the interior, and upon the surface of the false membrane, giving 
it a i*oddish and mottled colour ; while the free fluid is likewise 
tinged with rod. Accordingly, the vascularisation of the false 
membrane leads in the first place to a state of things most critical 
as regards the general course of the disease — a state of things 
which not only affords the most favourable conditions for the 
continuance of the exudative process, but also, by supplying 
an abundance of nutrient matter, favours to the utmost the 
formative diangos in tlie false membrane itself. At this point 
therefore, the patient is tlireatened with an over-production of 
cells — with suppuration. The practitioner detects the unfiEivour- 
able turn the disease is taking, and expresses his fears by saying 
that it drags, tliat absorption has come to a dead-lock, &c. 
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§ 275. But we most defer considering the dangers of sup- 
puration for the present Let us first of all take the course of 
the inflammatoiy process when it remains true to its original^ 
adhesive character. We may justly inquire how, under the 
conditions described above, the process of exudation can ever 
come to a stop. Now one reason for its cessation lies in the 
conversion of the young embryonic tissue into fibrous connective 
tissue. This transformation, as was fully shown in § 93, is 
invariably associated with a certain amount of contraction which, 
in its turn, leads to the obliteration of a great majority of the 
newly-formed vessels, so that the blood-supply of the fully- 
developed adhesions represents but a very small fraction of the 
original capillary network. On the other hand, we must 
remember that although the fibrin, which is not merely applied 
to the surface of the young connective tissue, but sends countless 
processes into its substance, does not undergo organisation, it 
nevertheless shrinks imiformly and with great force. This 
shrinking sets in directly after its coagulation, and progresses 
steadily when the conditions are favourable (and where could 
it find conditions more favourable than the present?), until it 
has attained the smallest volume of which it is capable, or 
until some other sort of metamorphosis has robbed it of its 
most characteristic property. It is obvious that this contrac- 
tion of the fibrin must affect the granulation-tissue with its 
vessels, which it covers and includes, and so must check the 
further progress of tlie transudation. Be this as it may, 
transudation is arrested, and absorption takes its place. The 
shreds and flakes of fibrin which are freely suspended in the 
exudation begin to undergo mucous and fatty degeneration ; — 
the soft, swollen material is found to contain innumerable oil- 
globules, which may however originate in a fatty transformation 
of its contained cells. This degenerating fibrin presents a 
whitish and opaque aspect to the naked eye; if the effusion 
happen to be absorbed with exceptional rapidity, a portion of 
fibrin may remain undissolved, and dry up in some comer of 
the serous sac, where it becomes cheesy and remains for years 
in this condition. As a rule indeed, both the suspended fibrinous 
flocculi, and the fibrin which coats the connective-tissue eiHores- 
cence on the walls of the cavity, undergo complete solution in 
the efiused fluid before it disappears, and are subsequently 

21 
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absorbed into the blood together with it The opposed serous 
snrfEiees are approximated until they touch each oiber^ when the 
inflammatory products by which they are coated, coalesce. Soon 
too, the bridge along which the vessds of ihe parietal and 
visceral laminae anastomose with one another, is completed. 

This series of changes finally results in the formation of 
those well-known ^^ bands of adhesion," which connect the cos- 
tal with the pulmonary pleura, the heart with the pericardinnt, 
the yarious abdominal viscera with one another, and witli the 
abd(»ninal wall. Their minute structure has often been inves- 
tigated ; like the serous membranes, they are coated with a 
single layer of pavement epithelium ; in addition to this, they 
contain wavy bands of connective tissue, between which nm 
long and slender blood-vessels ; newly-formed nerve-fibres have 
also been found on one occasion in an adhesion ( Virchow). What 
seems to me most important is die fact that in the present case, 
the continual shifting of the opposed surfaces on one another, 
the incessantly renewed approximation and separation of the two 
ends of the adhesion, exert a modifying influence upon the 
organisation of the embryonic tissue ; the resulting connective 
tissue, instead of assuming the character of ordinaiy cicatricial 
tissue with its short, inelastic and rigid fibres, sqpproaching more 
nearly to the normal type of lax areolar tissue. 

'Oma it is clear tiiai the final result of the inflammatory 
organisation depends very materially on the external conditions 
tmder which it takes place ; and that in particular, a repeated 
stretching and relaxation of the cicatrix determines the produc- 
tion of a true lax areolar tissue in place of the inelastic cicatricial 
tissue. 

§ 276. — Suppurative inJlammatiarL We distinguish two va- 
rieties of suppuration, primary and secondary. Most abdo- 
minal inflammations, particularly those which are caused by 
perforation of the alimentary canal, or by infection firom the 
organs concerned in parturition (puerperal fever), afibrd abun- 
dant opportunities for the study of the former variety. K the 
inflammation happen to be quite recent (as in the so-called />«ri- 
tonitit fabninans) we may easily convince ourselves that in this, 
as in the adhesive variety, a stage of ^^ recent agglutinatioa" 
opens the series of morbid changes. In &ct, the histological 
transformation of the fresh adhesive matter into pus, ag^>ean 
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to take place as readily as that into connective tissue. The 
neatral cells which are present are pns-corpnscles from the 
moment when thej are snspended in a serons floid and proceed 
to divide and multiply therein. 

Their development into ** specific pus-corpuscles," i.e. into 
young cells with several nuclei, is in no respect essential; though 
it may nevertheless be frequently observed. The transition pre- 
sents itself to the naked eye as a yellowish-white discoloration and 
liquefaction of the reddish membranes and shreds, beginning at 
their edges, and terminatmg in their rather sudden dissolution 
into a puriform fluid. I have succeeded in demonstrating this 
more than once in peritoneal inflammations excited artificially ; 
at the same time however, I noticed that the stage of " recent 
agglutination" in primarily suppurative inflammations was 
generally of very brief duration, passing very speedfly into the 
essential phenomenon of suppurative inflammation, sc, purulent 
exudation. 

The case is primarily one of *^ exudation" in the strictest 
sense of the word. Vast numbers of leucocytes migrate from the 
dilated blood-vessels ; they first of all infiltrate the connective 
tissue, and then — as I am forced provisionally to assume in order 
to accoimt for the occasionally enormous quantity of pus — undergo 
proliferation. As may bo seen in fig. 106, which represents 
a vertical section through the serous investment of the uterus, 
all the interstices between the thicker fibrous strata are literally 
crammed with cells. The great variety of flask-shaped and 
analogous forms indicates moreover that these cells are not quies- 
cent, but are undergoing amoeboid movements. The direction 
in which these movements tend is hardly open to question ; it is 
clearly upwards and outwards. One may figure to oneself how, 
through the membrane which is so abundantly infiltrated, a 
mighiy stream of exuded liquor sanguinis is passing. This also 
frill tend to make its way through the interstices between the 
fibres, and will consequently carry with it numbers of the corpus- 
cular elements which they contain ; these cells it will afterwards 
hold in suspension as pus-corpuscles, when it comes to rest in 
the serous cavity. In this manner does the exudaticm become 
purulent on its way from the blood-vessels to the free surface of 
the seit>as membrane ; this is the rationale of purulent exu- 
dation. 
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At an early period, whUe the corpuscular secretion is still 
moderate in amount, the exudation is clear and deposits an 
abondance of transparent, gelatinous flakes of fibrin ; at a later 
stage, it consists of pure, greenish-yellow, thin pus. In examining 
the bodies of patients who have auccmnbed to puerperal peritonitis 
we often find the recent inflammatory agglutination in the upper 
regions of the abdomen, in the neighbourhood of the stomach 
and liver ; lower down, about the kidneys and between the 
mesenteric folds of the upper coils of the small intestine, we meet 



Snpparaitive mflammation of tbo aeroos coat of the uterus. 
a. SerotiB jnembraao infiltrated with leucocTtes; 6. Sor&ce 
Beoretiug piu-corpasclea ; c. Moscuhir coat. ^. 

with a tolerably clear exndation containing flakes of fibrin ; this, 
towards the true pelvis, exhibits streaks of pus which become 
more and more numerous, till, in the pelvic cavity itself, the 
fluid becomes entirely purulent. To the naked eye the serous 
membrane appears hypenemic ; but the red hue of the injected 
vessels is toned down by a milky cloudiness which covers it as 
with a veil. This is due to the purulent infiltration of the mem- 
brane itself. 

§ 277. Side by side with the primary form of eappuratire 
inflammation; we may study those cases in which a process, 
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primarily adhesive; passes into the suppurative form. It lias 
been already shown that this transition is favoured and ushered 
in (anatomically speaking) by the luxuriant vascularisation of 
the young false membranes, which furnishes materials for a 
more exuberant corpuscular proliferation, ue. for suppuration, 
when the inflamed membrane is exposed to any fresh source of 
irritation. The practitioner is usually warned of the mifavour- 
able turn which the disease is taking, by the occurrence of a 
severe rigor and the hectic fever which follows it. Quite 
suddenly, as it seems, the cell-proliferation enters upon a more 
active phase. Every varieiy of cell, whether it be situated in 
the exudation, in the false membrane, or in the serous mem- 
brane itself, takes part in the process. The clear serum becomes 
turbid. Whole shreds of the false membrane are loosened from 
their connexion with the underlying tissues and detached, pre- 
liminary to their liquefaction into pus ; denuded patches of the 
serous membrane itself undergo losses of substance, which how- 
ever, are always shallow. Such ulcerations are not uncommon 
on the costal pleura where it lines the ribs ; they extend into 
the subserous connective tissue, and more rarely to the perios- 
teum and bone, which is consequently laid bare and imdergoes 
necrosis. Apsui; however from such accidents, the suppuration 
retains its superficial character even in its most acute forms. 
The suppurating surface of the serous membrane is analogous, 
not to a destructive ulcer, but to a productive and granulating 
wound. The analogy with a superficial wound holds good 
moreover as regards its limitation on the side of the serous 
cavity by a membrane of young connective tissue studded with 
granulations — the " pyogenic membrane" of authors. The heal- 
ing process begins in exactly the same way, when the inflam- 
mation has been of the purulent order from the first 

In the meantime, an accumidation of pus, often colossal in 
amount, has been forming in the serous sac. This is not sur- 
prising when we consider how large d quantity of pus may be 
secreted even by comparatively small ulcers ; and in the present 
case we have an ulcerating surface which is measured not by 
square lines, but by square feet It is common enough to see 
half a pailful of pus removed from an empyema by tapping 
during life or after death. The diaphragm is pushed down 
together with the liver or the spleen, the intercostal grooves are 
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effaced, the lung undergoes a diminution in size greater tlian 
eould be produced bj its own elasticity ; it contains no air, and 
hangs in the pumlent fluid as a narrow strip of kathery tissue, 
hardly as broad as the hand. Finally, the pus seeks a mode of 
exit, just like an abscess* In the case of an empyema the spot 
chosen for perforation is usually one of the lower intercostal 
spaces ; here however the art of the physician usually interferes^ 
disturbs the natural but s(«iewhat tardy course of events, and 
determines the point of exit with a trocar. 

§ 278. As regards the further progress, t.e. the gradual 
repair of the morbid state, we may argue from our experience of 
union by the second intention, with this limitation, however, 
that in the present case cicatrisation occurs on a scale pro- 
portionate to the colossal size of the ulcerating surface. We 
find the usual series of embryonic tissue, spindle-cell tissue, and 
rigid, short-fibred cicatricial tissue— each member of the series 
being developed from its predecessor, as is fully set forth in 
§ 93 et aeqq. Tlie cicatricial tissue presents itself in no small 
proportions ; it forms a white and lustrous, fibroid stratum, from 
half a line to three lines in thickness, which clothes the serous 
cavity, and is stretched over the adjacent organs. This huge 
cicatrix contracts like any other scar, and causes mechanical 
effects of an imposing order. It is an admirable illustration of 
the gigantic results which nature is able to produce by the addi- 
tive repetition of fi:actional moments of the same order. And 
yet the resistance to be overcome during the healing of an 
empyema which has opened externally, is nothing less than that 
of the vaulted arches of the thoracic skeleton which have to be 
dragged inwards, in a direction, that is, wliich the whole aim of 
their being is to resist. There is an erroneous impression 
afloat, that the cicatrising process is able to help the expansion 
of [the collapsed lung. But experience teaches us, as might 
have been expected a priori^ that it is the fibroid tissue wliich 
serves permanently to compress the lung. Sooner than allow of 
any such expansion, the remaining thoracic viscera, ac. the* 
heart, are dragged over to occupy the space which was formerly 
filled by [^the collapsed lung. No TorrioeUian vacuum is 
produced. The stress is borne by the neigbbouring organs^ 
whioh are dragged out of their places. The fibroid sac into 
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which the pleura has been conyerted must and will contract just 
as a urinary bladder contracts. And this contraction occurs 
with such force that not onlj are the soft and yielding thoracic 
argsaia compiled to follow it, but the ribs also are dragged 
downwards and inwards till they overlap one another like the 
t3es on a roof; the vertebral colunut itself undergoing a corres- 
ponding curvature. At the same time, the size of the cavity is 
proportionately lessened ; a few drops only of pus occasionally 
dribble firom the fistulous orifice. And the process of repair is 
brought to a dose by the total obliteration of the cavity. 

B. NON-INFLAMMATOBY FOBHATIONS. 

§ 279. Were I in this place to consider aU the cancerous, 
sarcomatous, chondromatous and lipomatous affections which are 
occasionally met with in serous membranes, I should be obliged, 
not only to recapitulate what has already been laid down con- 
cerning morbid growths in general, but to anticipate in great 
measure the diseases of the alimentary canal, the lungs, liver, &c. 
For the serous ooat of any organ stands simply in the relation of 
adjacent connective tissue towards those heteroplastic growths 
which have their origin and seat in the parenchyma of the organ 
itself; and it is in this capacity that it shares in the neoplastic 
process. The present chapter will therefore be restricted to the 
consideration of such growths as originate primarily in the 
serous membranes and run their course mainly within their paren- 
cbyma. 

§ 280. Foremost among these stands that overgrowth of con- 
nective tissue which occurs in the walls of a serous sac during 
the continuance of a chronic dropsical effusion. The first stage 
of the process presents itself to our eyes as a milky cloudiness of 
the membrane. This is partly due to a moderate degree of 
dnckening, but mainly to an alteration in the consistency of 
its fibres. Virchow has ^ven the name of "sclerosis" to 
that condition of the fibres of connective tissue, in which 
their bulk is but little altered, while their solid contents (t.e. 
their density) are considerably increased. Such fibres are stiffer 
than usual ; they are less capable of swelling by imbibition ; they 
atv, upon the whole, more indifferent to reagents, and refract light 
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more highly. It is tliis latter property which gives the sclerotic 
patches of the serous membrane their milky opacity. The essential 
nature of sclerosis is quite as obscure as that of the processes 
with which it is associated. As regards these, we do not know 
whether the transudation is simple or inflammatory ; as regards 
the sclerosis, whether tlie hyperplastic change belongs to one or 
other category. In my opinion we must draw as marked a line 
as we can between active and passive congestion ; hence we must 
seek the origin of the disease either in an inflammation, or in a 
passive disturbance of the circulation. Li the majority of cases, 
our search will be successful. We cannot but admit, however, 
that passive congestion is a powerful predisposing cause of 
inflammation; also, that in every inflammatory hypersemia a 
statical element is evolved from the unquestionable dilatation of 
some portion of the circulatory tract Accordingly, both sets of 
phenomena are often intimately associated with one another, and 
are often so blended that it becomes a matter of the greatest 
difficulty to determine how much is due to the one, and how 
much to the other element. Instinctive tact and practical ex- 
perience are here our best allies. We usually regard the hydro- 
thorax of valvular disease as a passive transudation, while we 
take the dropsy of the tunica vaginalis propria testis (hydrooele) 
to bo the type of an inflammatory dropsy. Between these ex- 
tremes we have dropsy of the pericardium and peritoneum, and 
dropsy of the ventricles of the brain ; the former more nearly 
related to hydrothorax, the latter to hydrocele. Efiusions into 
bursse mucosad, the synovial sheaths of tendons, and the joints, 
are a debateable ground. The element of uncertainty, the dis- 
cretionary element, in this doctrine is due to the absence of 
available criteria for the determination of the exact point at 
which the transudation on the one hand, and the morbid growth 
on the other^ should begin to be called inflammatory. Jfdius 
Vogel attempted to establish a criterion for the inflammatory 
nature of the transudation in the presence of spontaneously 
coagulable albuminous substances {Hydrops Jlbrinonus^ir^lam'' 
mataritui). But now we know that the fluid which accumulates 
in the pericardium during the death-struggle, and which cer- 
tainly is not inflammatory, contains fibrinogen. As regards the 
morbid product with which we are immediately concerned, an 
attempt has been made to erect it into an inflammatory forma- 
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tion par excellence; a proceeding which seems to owe the favour 
with which it has been received, only to the summary way in 
which it removes all scruples concerning the qucestio vexata of a 
definite boundary-line between hypertrophy and inflammation. 
To my mind, there really is no sharp line of demarcation 
between the two. Inflammation is but a perverted image of 
normal nutrition, and hypertrophy is but a minor degree of the 
very same perversion. Of course I do not presume to arrest all 
discussion by any dogmatic statement; on the contrary, I 
willingly admit that I do not feel myself in any way ripe for a 
conclusive utterance on this subject I seek only to justify 
myself for describing the changes with which we are now con- 
cerned, as simply hyperplastic, without attempting to prejudge 
their mode of origin and causation from the form which they 
assume* 

§ 281. The '^ milky cloudiness " alluded to above, is pecu- 
liarly striking when it affects the serous coat of a dark-coloured 
organ, especially the capsule of the liver or the spleen, and the 
visceral pericardium (tendinous spots of the heart). Were the 
brain not itself of a white colour, the sclerosis of the ependyma 
in chronic hydrocephalus would undoubtedly present itself to 
our eyes as a milky cloudiness. Sclerosis (to repeat what has 
already been said) is merely the lowest degree of hyperplastic 
overgrowth of connective tissue, as regards which it is still 
uncertain, whether we ought to consider it as a proliferative 
change, or as a simple condensation of pre-existing connective 
tissue. 

Besides sclerosis, we are acquainted with a whole series of 
connective-tissue proliferations, which have one feature in com- 
mon, viz. that they all tend to assume more of a circumscribed 
character. In closest relationship to sclerosis, we have the 
development of sharply-defined, flat elevations of cartilaginous 
texture. These are most common on the capsule of the spleen, 
where they exhibit angular outlines and a yellowish-white 
ti'anslucenc^, and may attain a height of from half a line to one 
line. On the pleura they are more circular and transparent, 
with a lenticular sm&ce ; while on the tunica vaginalis of the 
testicle they are characterised by their often considerable size 
and hardness. These cartilaginous elevations are closely related 
to the cartilage of the oomea in their minute structure. Next 
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to them stand fibrcmaUms onigrowihs* These are eqiecially 
prone to become polypoid. In the dropsical tunica vaginalis 
testis, and in the peritcmeal oayity, we occasionally meet with 
free fibrons bodies, varying in size from a cherry-stone to a 
hazel-nut, of a spherical or spheroidal shape and concentrically 
laminated structure; these are simply the detached heads of 
such polypoid excrescences from the walls of the cavity. Hie 
softer dendritic vegetatumsj which are less frequent on serous 
than on synovial membranes, are described by BokUcmM as 
follows : — ^^ Their first appearance is in the form of club-shaped 
hyaline vesicles (minute granulations of embryonic tissue, 
Rindjleisch) ; these grow into an arborescent structure, and pro- 
duce connective tissue in their interior. The clavate extremiti<» 
of the twigs and branches commonly become flattened into 
lenticular or melon-seed-shaped bodies, and sometimes exhibit a 
facetted surface. The primitive nodule often grows into a sacci- 
form cyst, filled with serum, or with a fibrous network whose 
interstices contain fluid." We may call the latter form a pen- 
dulous myxoma. It constitutes a transition stage to the com- 
plete liquefaction of the contents of the nodule, which then 
becomes a pedunculated '^ cyst due to softening " (Erweichungs- 
cyste). The latter are most frequently met with on the perito- 
neum, and especially on that part of it which dothes the female 
generative organs — the broad ligaments, ovaries, and FallofHan 
tubes. 

§ 282. The lipoma arborescms of Muller is peculiar to serous 
and synovial membranes. I have already pointed out in detail 
(§ 133) the close analogy which subsiste between the eentral 
growth of lipomatous tumours, and the dendritic type of struc- 
ture. We might fairly regard the Lipoma (xrboreBcens as a lipoma 
tuberosumy broken up into its component elements; bot it is 
better to regard it simply as a hyperplastic development of the 
familiar villous and polypoid fiitty appendages of the serous and 
synovial membranes (app, tpiploiccBy fflaodukB Hacerskmay ^)* 

§ 283. As regards the heteroi^astio formatiocis (eaneer, 
tubercle, sarcoma) which occur either primarily er secondarily on 
serous membranes, there is only one question wlndi mfteresta 
us as histologists — that concerning the origin of liie embryonie 
tissue, which as we know, forms the common bom of them 
all. These growths (when they reaRy trprihg fnm ilie serous 
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Eorfacfl, aud have not been propagated jmt amti^ian Ssma neigh- 
bonring organs) are all strikingly clwractenaed hj their very 
enperficial position. Scirrhna looks like a pasty mass "which 
has been uniformly spread out over the serous Bor&ce" {Roki- 
iantK) ; medullary cancer resembles scirrhns, or takes the form 
of ronndisb flattened protaberanoee ; colloid cancer occurs " in 
the form of nodules, which occasionally grow to an amazing 
size, and are almost free in the serous cavity, i.e. adhere to its 
walls by a few insignificant vascular attachments " ; the spindle- 
cell sarcoma as a fungoid vegetation. Finally, the miliary 
tubercle looks very like a grey, miliaty yesiole. Moat of these 
growths can readily be scraped from tlie serous surfaoe witli a 
knife ; the latter is left somewhat rough, but without any im- 
portant loss of substance. It is quite clear that the qnaatity 
of connective tissue which has been requisitioaed from the 
healthy serona membrane by the growth, is extremely small ; 
hence it is on seroas membranes that we are beet able to study 
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the essential teztore of these growths, with, least nak of being 
misled by adrentitious constituents. To what is this snperficial 
locaUsation dofi F It is due to the &ct that these tumours, taken 
in the aggr^^, wo— at Iwst pdnarilj— ootgEOwths fixaa 
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the ^Uhelutl ka/er of tlie serous memhranea. Nothing hindera 
them indeed &om spreading aflerwards, not onlj into the paren- 
chyma of the seroos membrane, bat also through the parenchyma 
into neighbouring organs. Wherever connectiTe tiBsne esisfs, a 
path is open to them. We most not forget however, that the 
epitbelia of serous membranes are themselves connective-tissae 
corpuscles. 

§ 284. One example will sufHce to illostrate this highly 
peculiar mode of origin. I choose a miliary tubercle on the 
omentum. Fig. 107 represents a very smaU nodule (mider a 
low power), which has not yet grown out of the limits of its 
birthplace. It consists of a globular aggregate of cells, Bospended 
&om nine slender threads of comiective tissue radiating 
from its periphery to the stouter and partly vascular trabecular 
vhich form the boundaries of one of the larger meshes of the 
omentum. 

Let us examine one of the nine points at which the con- 
nective-tissue fibres join the nodule, under a higher power, 
(X800). Here, at the edge of the formation, we may expect, 
if the nodule is still growing, to find appear- 
108. ances which will shed light upon the debdls of 
its origin. We find what is represented in fig. 
108. The nodule grows by proliferation of the 
epitheUal cells. The homogeneous lamella is 
; raised from its bed on one side of the thread of 
; connective tissue, while on the other, it has 
been shed altogether ; the place of the nndeated 
protoplasm is taken by larger and smaller groups 
of young cells, which have clearly sprung 
from it by a process of fission. The substance 
of the thread itself ts unaltered np to the very- 
edge of the nodule. Here it escapes our obser- 
vation ; but in the interior of the nodule it 19 
still connected with the other eight threads in 
Origin of ami- precisely the same way as it was before tbo 
by proliferation growth of the tubercle. It ohvionsly takes no 
rf the aerons part in the proliferation ; and up to this point 
^eA). '*'' *® *" entitled to regard the whole of the new 
growth as a product of the serous epithdia. 
' Should tlie centrifngal growth, at a later stage of its progress. 
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reach the thicker trabeculae (fig. 107, a) of coimeotiye tissue, 
then indeed non-epithelial connective-tissue corpuscles will con- 
tribute their mite to the additive enlargement of the nodule. 
But the size to which the nodule must needs attain before this 
can possibly occur, proves what the resources of epithelial 
growth can do without any extraneous help. 



lY.-MORBID ANATOMY OF THE SKIN. 

§ 285. In stadying the structural alterations associated with 
tho various disorders to which the skin is liable, it is of advan- 
tage to consider that organ as made up of the epidermis and 
papillary body on the one hand, of the cerium and subcutaneous 
areolar tissue on the other ; the morbid anatomy of the cutaneous 
glands and the hair being considered by itself in an Appendix.* 
Tlio papillary body, apart from its other physiological functions, 
is the matrix of the epidermis. The two structures constitute a 
vegetative whole; and their continuity is strikingly apparent 
when, as in the case of most diseases, the vegetative relations 
of the parts are disturbed. So too tlie glands, the hair and the 
nails are all liable to special diseases of their own. Of course I 
neither care, nor do I wish to deny that the disorders of the 
various constituents of the integument pass into one another by 
manifold transitions, that they may coexist, that they may be 
pathologically identical. No classification of natural objects can 
lay claim to be absolute ; we must endeavour to select that which 
fits the actual facts most closely. Thus for instance, a similar 
analysis of the structural constituents of mucous membranes 
would be far from conducing to a better knowledge of their 
pathology. 



1 . Diseases op the Epidebmis and the Fapillabt 

Body. 

§ 286. The integument of the body is peculiarly exposed by 
its position to all external influences of a hostile nature. We 
are not therefore surprised to find a long series of skin- 

* The nails will be dealt with among the homy overgrowths of tiie 
epidermis, the keratoses. 
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diseases caused bj external irritants. And here we must not 
confine onr thoughts to single impressions of a violent kind, such 
as blows and knocks, but include likewise those more chronic or 
recurrent irritations of the sur^u^, trifling in themselves, whidi 
are caused bj dirt, vermin, scratching, exposure to the weather, 
improper clothing, and the operation of chemical and mechanical 
irritants. 

These trivial sources of irritation are nevertheless powerAil 
enough to affect the specially sensitive papillaiy body, richly 
supplied as it is with vessels and nerves, through its cuticular 
covering. The papillary body reacts to the stimulus by hyperaemia 
and inflammation; its disordered state is shared by the epi- 
dermis, and we thus obtain a group of changes, which are 
confined, at least in their beginnings, to the papillary body and 
the cutide. 

There is yet another cause to be considered. We know that 
in infectious diseases, when the general malady has reached a 
certain height, some individual organ is usually specifically in- 
volved. Wo express the £&et by saying that the disease becomes 
localised, and with this phrase we connect some vague idea of 
an elimination of the materies marbu It is true that these foci 
of disease are very commonly situated in secretory organs 
In small-pox, measles, and scarlet fever, the skin is the selected 
organ ; it is supposed moreover that nettlerash, erysipelas, some 
forms of herpes, and a large proportion of chronic dermatoses, 
depend on the localisation of some constitutional disease. Now 
what occurs in every one of these cases is not a mere abnor- 
mality of the secretion, as might be inferred fi:t>m the humoral- 
istic idea alluded to above, but hypersemia and inflammation ; 
moreover, at least primarily, it is not the whole skin but only its 
most superficial layers which are involved. The papillary body, 
strange to say, is the chief seat of the disorder, even when tlie 
skin-lesion has been excited by causes operating from within, 
through the blood. Should this, like our former category, be 
ascribed to the greater sensitiveness of the papillary body ? By 
no means. We must look elsewhere for the causes of this locali- 
sation ; and for my own port I cannot help ascribing a peculiar 
inflnenoe in the matter to the distribution of the vessels. 

Normal histology has es^lained the way in which the vessels 
are distributed in the papillary body (fig. 109). Each papilla is 
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famished with its own afferent and efferent capillary vessel ; the 
two communicate either directly, by a simple loop, or — more 
commonly — by a number of loops. These vessels are all remark- 
ably tortuous ; it sometimes happens that the afferent and efferent 
trunks of a simple capillaiy loop are twisted round each other 
corkscrew-fashion till they unite at the apex of the papilla. The 
point at which they unite — the summit of the curve — ^is alwaj-s 
much dilated. Everything points to the conclusion that in the 
cutaneous papillae the lateral pressure of the blood must be 
augmented and the current of the circulation retarded. Indeed 
we may look upon the vascular apparatus of the larger papilla?, 
which are provided with several communicating loops, in the 
light of small reiia mirahilia,* They stand towards the vascular 
network of the cutis in tlie relation of diverticula ; like the side- 
channels of a stream, in which the current experiences greater 
resistance, notwithstanding that the fall is the same in either 
case. This arrangement may have a physiological importance of 
its own, it may be of the utmost moment for the respiratory 
function of the skin; apart from this however, it serves to 
explain how it is that hypersemic conditions of the skin, to what- 
ever cause they may be due, are peculiarly intense and lasting, 
and lead to more serious consequences in the papillary body than 
elsewhere. ^ 

What is true of the papillary body as a whole is peculiarly 
true of the smaller, but all the more thickly-set papillas which 
surround the orifices of the hair-foUides (fig. 109). Here too 
therefore, in connexion with hyperaemic conditions of the entire 
tegumentarj'^ system, the dilatation of the capillaries, the slowing 
of the blood-current, and all the derived phenomena, attain their 
maximum intensity. In a word, the vascular apparatus of Uic 
subepithelial connective tissue of the skin is disposed in such a 
way as to bring the limitation of so large a number of derma- 

* In injected specimens of the kidney, I have often observed that 
the lyialpigbian glomeruli are also made np of two or three capillary 
tufts (Gefassbaumchen), each of which corresponds precisely to the 
capiUury tuft of a papilla. It is not impossible that the Malpighian 
glomeruli may originate as papillary excrescences from the coecal ends 
of the uriniferous tubes. (P) (Of. HenU, Handbuch d. Systemat. 
Anatomie, Braunschweig, 1862. Eingeweidelehre, p. 810, a> b, fig», 
237, 238.) 



Yertical section througL tlie akin of the lower lip (aller 
Thienek). a. Homj lamina of the epidemiiB, which ie con- 
tinaed into the hair-sacs ai the inner root-sheath ; b. Seba- 
ceous glands ; e. Sire&t-gland ; d. Vessels ; e. Papillffi of 
the roots of the hair. 

22 
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toses to iihe epidermis and papillary body under a oontmon 
law. 

§ 287. We include the large assemblage of thfiae superficial 
dermatoses under the name of eruptions^ exanthemata. Every 
exanthem begins with hyperaemia of the papillaiy body. Tliis 
is the first sign we have that the part is being irritated ; it is the 
starting-point of all the subsequent excesses and abnormafitiflft m 
its nutrition. Even at this early stage, we are struck by the 
contrast between the manifold variety of the coiffser anatamksil 
appearaneeS) and the monotonous uniformity of the microsGopieal 
alterations. The major part of general dermatology masj be 
legitimately considered as so much morbid anatomy. Tben is 
nothing to hinder the anatomist fi^m describing and distingmsii- 
ing the various naked-eye appearances, sizesy and positions of 
the maculdB, papules, bullsB, pustules, Ac., quite as elaboratdy 
as the professed dermatologist Pathological histology howera 
knows nothing of all this diversity ; htf e, as elsewhere, it shows 
from what simple elements nature can procure the most oomplez 
results. It recognises, strictly speaking, only two sets of morbid 
changes, which, either singly or in combination, make up the 
various exanthemata. These elementary categories may be 
designated as the ^^ simple inflammatory" and the ^^hyper- 
trophic infliammatory," the latter serving as a convenient 
transition to the simple hypertrophies of the papillary body, 
such as warts, &c. These divisions coincide very fairly witii 
those based on the time which each disorder requires to run its 
course; thus the simple inflammatory may be called rapid or 
acute, the hypertrophic inflammatoiy slow or chronic, while the 
non-inflammatory hypertrophies include those forms which seldom 
get well if left to themselves. We must bear in mind however, 
that the terms ^^ acute " and ^^ chronic," as we now use tfa^n, are 
not synonymous with the same terms as employed by dormalo- 
logists; that we refer only to elementary lesions, and that an 
exanthem, which might justly be included in the chronic 
category of dermatologists, may leally be made up of continual 
repetitions of an acute inflammatoiy process. It is desirable 
to guard against such misconceptions firom the first. Even 
at tW risk of saying the same thing twice over, we will narrow 
or extend the limits; of the fundamental types of exanthematic 
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inflammation so aa to make idem agree wilh tboae employed 
in eotaneous patholegy, and IwM it to oar readeni to aimfdiify 
matters farther by means of snoh ahatraoliona aa htve juat 
been lunted at 

$ 388.-^1. The ei*gAmnaUms eaanAem. Simple eiythemay 
even when it amomits to a positive tui^geaoenoe of the oataneooa 
capillaries, wonld hardly be saj^sed likely to afford mateiab 
for histological inveatigation, were it not for the reeent ohaor- 
vations of R. Volhmum and Stmtdmer (Centralblatt, I8689 3&) 
on eiysipelas ; these observes proye that in the courie of 
this essentially erythematoos inflammation of the skin th«re 
ooenrs a very extensive migration of lenoooytes into the cutis 
and subcutaneons .areolar tissue ; true, these leuoooytes disap- 
pear in two or three days by disintegration and absorption; 
still, they serve to show how easily a simple erytheaM may 
pass into those higher grades of inflammation, which it 
invariably precedes. Moreover, even a transient erythema 
usually leaves some vestiges of its presence behind it It is 
usually followed by a desquamation of the outermost layer 
of the epidermis, whether branny (deaqtAamatio furfuraoaei) or 
foliaeeous (deBquanuUio metnbranacea). This phenomenon can 
only be explained by the close connexion which subsists between 
the nutrition of the epidermis and the changes occurring in iha 
papillary body. Every hypersmia involves a disturbanoe, an 
interruption in the nutrition of tlie epidermis. The details of 
this are not known. So much seems certain, that this disturb* 
anee causes a separation of the epidermis into an outer, less 
nourished, and an inner, bettor nourished layer. This separa- 
tion manifests itself as a real though imperfect cleavage, or 
rather loosening of the substance of the cutide between its 
horny and its mucous strata, without the intervention of eiauda- 
tion. When in the course of growth the oldest portions of 
epidermis eome to be shed, a simultaneous detachment of the 
deeper and youngs layers of the horny stratum bears witness 
to their prematura death and consequent separation from their 
native soil. 

We distinguish between diffuse and oircumsoribed erytbe- 
raata. It often happmis tibat an erythema which is at first 
diffused, beoomes eonoentraited m course of time at one or more 
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points of the cataneous surface which lie within its area ; and iii 
proportion as this oocnrsi we may anticipate farther changes of 
an inflammatoiy kind at these points. 

§ 289. — 2. The papular exanthem. Bj a papule we under- 
stand a slight elevation of the cutaneous surface, which feels 
like a little solid nodule seated on the skin. The papule 
originates by the passage of an iniSammatory hypersemia into 
exudation, within a limited area of the papillary body. The 
exudation is not situated in the epidermis. Tliis stretches 
unaltered over the enlarged papillae; it is more tx^nse and 
elastic than usual owing to its extension over a larger area. 
The exudation is situated in the substance of the papilke. 
They arc saturated with an abundant supply of nutrient fluid — 
not with cells (at least in recent cases). We shall find here- 
after that formative changes are superadded when the papule has- 
lasted for some time^ and especially if it proceed to become a 
pustule. The individual papilla; are markedly enlai'ged. It has 
been asserted that they undergo, not so much an elongation and 
thickening at their apices, as an expansion at their bases, so that 
the level of the surface is in some sort depressed within the area 
of infiltration. This assertion hardly admits of proof or disproof, 
inasmuch as any direct observation is as good as impracticable. 
For, like many other infiltrations of the connective tissue, this infil- 
tration disappears during or immediately after death. Tlie elastic 
reaction of the stretched cuticle drives the exuded fluid back 
into the vessels as soon as the cessation of the via a tergo allows 
it to do so. We find patches of skin which, a short time before, 
exhibited the eruption in all its distinctness, apparently quite 
healthy. For my own part, I believe that the sharply circum- 
scribed character of the papular elevations points rather to a 
turgescence of the slightly bulbous tips of the papillse. The 
affection is very prone to select the ring of small, dosely- 
sot papillse which surroimds the orifices of the hair-follides. 
Such papules are circular in outline, of considerable size, and 
perforated at their centres by a hair. Hehra assumes that in 
these cases a minute quantity of fluid is previously exhaled 
between tlie homy and the mucous layers of the epidermis. 
Hero too I must say that I failed to discover any fluid in the 
substance of the epidermis ; but the point does not seem to me of 
nuicli moment. 
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Most papules are redder than the surrounding skin ; this is no 
more than might be expected, since the formation of a papule 
is preceded by a concentration of the hyperssmia at the affected 
point ; the occurrence of exudation however, tends to check the 
lijpersemia by taking up the available space, and so squeezing 
out the blood — the onlj'- constituent of the papilla which is 
free to escape. Thus it may happen that the papules are not 
redder than the surrounding surface, but of the same colour, 
or even paler. 

Papular eruptions are most conunon in connexion with 
measles. 

§ 290. — 3. The ichectl stands in close anatomical relation- 
ship to the papule. Wheals {pomphi) are broad and fiat 
elevations of the skin, firm to the touch, as may readily be 
perceived by passing the hand lightly over them. The 
smaller wheals, those no bigger than a lentil, are circular; 
larger ones, often of very great size, are produced by the 
<sonflu^ncc of the smaller ones and accordingly exhibit the 
utmost irregularity of outline. The smaller wheals are of 
the same colour as the siu*rounding skin ; they are seldom 
redder. The larger however and especially the more raised 
the wheal is, the more does its redness appear to be pushed 
to one side and concentrated in a narrow band along its edge, 
while its central part grows more and more pale. Finally 
we may have white wheals with a red areola. These may bo 
regarded as the highest stage in the development of the 
urtical exanthem. 

The wheal is an acute inflammatory oedema of the papillary 
body. The exudation is thinner and moi^e serous than in tlie 
<Mise of the papule ; hence too, the rash is so very fleeting, that 
it may readily be increased by scratching, while it quickly fades 
without any trace, if loft to itself. The seat of the infiltration 
has been already indicated. In the higher degrees of pomphosis 
the papillary body is swollen to such an extent that the fiow of 
blood through it is completely arrested; the blood which is 
meant to supply the part is retained at its periphery, where 
it accumulates. The red areola of the white pomphus is there- 
fore due to collateral hyperaemia resulting from the imperme- 
ability of the capillary networks in the interior of the swollen 
region. 
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P^mphosisy as a transient oodema of the papiihtfry iMMfy, in- 
terftves less with the nntritive processes in the skin duui any 
other exanthem; it is never fbnowed by any more pMfound 
disorder; seldom even by branny desquamation of the eutiole. 

Among tile external irritants best adapted to prodooe diis 
emption are the sting of the nettle and that of some insects ; 
among internal ones certain articles of diet (strawberries) and 
the specific cause of nettle-fever (Nessclfieber). 

§ 291. — 4. The vesicular or bullous exanthem. The papule 
and the wheal showed us the exudation an^ested in Uie peri- 
vascular connective tissue, on its way from the capiUaries of 
the papillary body to the surface of the i^n. The vesicle 
or bulfa takes us a step farther. The exudartion is now in the 
substance of the epidermis ; it accumulates between the mucous 
and the homy layers; the latter is raised and arched out- 
warfs like a knob. The terms " vesicula " and " bulk " »e 
both employed to designate this condition; their differonw is 
one of degree only. The vesicle includes those whidi are w>t 
bigger than millet-seeds ; the bulla includes all which eseeed 
this size. 

A vehicle may be broadly said to originate in &e traiWHda- 
lion of a fluid from the vessels, which foflrces its way up from the 
diM^ttded capillaries of the papillary body, passes through tbo 
rete mucosum, and is arrested by the homy lamina. The cells 
of (lie latter are so firmly united, partly by the close way in 
whidi they are packed together, partly too by a sort of sutaoral 
connexion of their channelled surfaces, that they form a oon- 
tiiraotos tough membrane, impermeable to fluid, and well adapted 
for t^tainiiig and roofing in oven larger quantities of it. The 
nrnoous layer is variously aflected in different oases. If a Web 
is developed very rapidly, as e,ff, in gangrene, the soft bodies of 
the cells are mechanically stretched into slender threads by tho 
forcfe of the transuding current — threads which give a mossy 
Toughness to the surface of the papillary body. Should the 
trarrsudation take place more slowly, as in Herpes sBid Ery- 
sipelas bullosum {Ha{ffht)y the deepest layer of the rete Malpigfaii 
remains unaltered, while the " intermediate" epithelium-cdla aro 
partly detached, partly pushed aside. The transuded fluid welb 
up with greater force fiH)m the apices of the pftpUbe than from 
the interpapiUary furrows; hence the layer of cells dboro 
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alhided to is stripped from the papills9, while remaining attached 
to the bottom of the furrows. A system of cellular membranes 
and trabecnlfld is firas formed; iJiese structures extend more 
or less TertioaDj across the intenral between the homy l«y^er 
and the papillary body; the thickest ones spring from the 
interpapillary fissures ; they grow more and more slender in 
proportion as they recede towards the summit of the papillary 
derations. These trabecuIsD are all made up of nucleated ^'in- 
termediate *^ cells, which have been stretched and flattened out 
mechanically. The thinnest bands consist of single cells, often 
drawn out into several proceases. If the transudation is more 
copious, the trabeculsc, whatever their size, are torn across, one- 
half adhering to the detached homy layer, while the other is 
retained by the papillary body. 

It is only in miliary vesicles that the fluid is contained be- 
tween ilie layers of the homy lamina {HaigM) ; but the intimate 
connexion of this exudation with the perspiratory secretion 
makes us hesitate before reckoning miliaria among vesicular erup- 
tions at all. The fate of the vesicles is different in different 
cases ; they m^ burst and discharge their contents, or they may 
remain stationary until the hyperaemia remits and allows the 
exuded fluid to return to the blood. The pressure of £he 
srtretched homy lamina, whose elasticity is well known, may 
contribute to the latter issue. That this force ought really to be 
taken into account, is plain from a consideration of blebs with a 
hyperaemic ai*eola. In these, the contents of the bleb compress 
the underlying vessels to such an extent, that the afflux of blood 
is chec3[:ed, and stagnation consequently occurs at the margin of 
the bleb. The strata of epidermis which have once 'been sepa- 
rated cannot however reunite. Even when the homy lamina is 
cloaely applied to the underlying stratum, and tlie status quo 
ante has apparently been re-established, we still find that tho 
affected lamellae wither and are shed before their time. ISean* 
white a new homy lamina is developed at the expense of the 
rote Malpighii. This continues abnormally thin for a long 
period ; the vessels of the papillary body shine through it so 
brightly that the size and shape of the former bleb may be 
recognised ibr weeks and weeks as a red spot. 

The hbtological details of this renewal — ^what part of the 
papillary body is mainly instramental in the process, how strati^ 
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fication is produced, &c. — all these are questions which normal 
histology must answer ; it has not answered them yet This 
issue is known as ^' desiccation of the bleb : " it has to be dis- 
tinguished from another and less favourable one, which may be 
briefly called "suppurative metamorphosis." This trenches 
however on another department of our subject. 

Vesicular and bullous eruptions are extremely common ; 
they are caused by external and internal irritants of all sorts. 
Among the former may be enumerated heat, blisters and epi- 
spastic fomentations, mechanical irritants, scratching, and re- 
curring pressure ; among the latter. Herpes, Pemphigus, 
Measles, &c. 

§ 292. — 5. The pustular exarUliem. The term " pustule'* 
is summarily employed in dermatology to denote every circum- 
scribed accumulation of pus under the epidermis. Accordingly 
the pustule is a shai'ply-defined straw-coloured elevation; and 
if we add that it is always circular, often provided with a 
central depression or umbilicus, and girdled with a red areola, 
we shall have gone far to exhaust its denotation. Now it is 
obvious that such accumulations of pus may arise in the most 
diverse ways ; and this qualifies the value of the above defini- 
tion. We set aside for the present such pustules as are due io 
suppuration in the deeper parts of the skin (e.^. round hair- 
sacs) and confine our attention to those two varieties in which 
the starting-point of the suppuration does not extend below the 
level of the papillary body. 

a. We have just seen that pustules may originate ftoni 
vesicles ; this occurs in Eczema, Impetigo, Herpes, Pemphigus, 
and Ecthyma. Wc may observe the gradually increasing 
turbidity of the vesicular contents even with the naked eye : 
by subjecting a drop of the contained fluid to microscopical 
examination we may convince ourselves that the opacity is due 
to the presence of detached epithelial cells and numerous pus- 
corpuscles. At a later stage, the pus-corpuscles predominate ; 
and when the process has reached its height, we ai'e quite justi- 
fied in summarily calling the contents of the vesicle a rather 
thin and fluid pus. A vertical section through the skin (fig. 
Ill) shows the outline of the papillary body in a state of good 
preservation, but with its substance permeated by a large 
number of young cells which accumulate at the apices of the 
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papillae to such an extent, that at these points a layer of such 
cells extends unintermptedly to the deepest stratum of the rete 
Malpighii. This can still be recognised on the sides of the 
papillae and in the furrows between them, if we make use of the 
yellowish colour and erect position of its colunmar cells as a 
guide. The state of things over the apices of the papillae is very 
different. Here we can no longer distinguish any line of 
demarcation between epithelium and connective tissue ; it is 
only by dissecting the parts with needles that we find it possible 
to say : here is the boundary of the papillae ; there begins the 
cuticle. For my own part I cannot doubt that this is the main 
source of the young cells which we find in the contents of the 
vesicle. The irritated papillary body is in a state of the most 
exuberant proliferation ; the young cells travel towards the 
surface, where they are set free as embryonic cells and pus- 
corpuscles before they have time to become developed into 
epithelia. Some may possibly force their way through between 
the cells of the rete Malpighii ; the majority migrate outwards 
from the tips of the papillae where the rete has given way, and 
where the relation between the secreting surface and the 
secreted products is precisely the same as on a granulating 
surface. 

Tlie whole process is thus seen to be an acute purulent 
eaiarrh of the skin. If we take the preliminary vesicular stage 
Into account we may speak of a catarrh originaUy serous, 
which has passed into the purulent stage.* Recovery from this 
state may take place in various ways, according to the treat- 
ment adopted. K things are left to themselves, a scab is 
speedily formed by the drying up of the purulent contents of 
the bleb ; under this scab the formative actions become gradually 
slower, and end in the production of a new epidermic coat. 
The scab has been regarded by many as a sort of roof under 
cover of which nature could proceed undisturbed to the renewal 
of the epidermis. The hypothesis is as false as it is attractive. 
The scab is simply a mass of dead and dried organic matter. 



* The word ''catarrh" is usually employed to denote the analogous 
morbid conditions which occur in mncoas membranes. Accordingly I 
shall discuss the special histology of catarrh among the diseases of 
those membranes. 
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wUeh ieanda to o&dei^ fiiriher deoompoBitioB and p uiirfa e ii on 
80 800B as it is npplied with Plough moistore for the pmpu » e . 
If we nfleet that the papillary body in its catarrhal state yields 
enDagh fluid to set this putrefactive prooess goings and thact 
deo^nqMsing and therefore irritating matters are being oon- 
tinuaUy produced on the mder sur&oe of the scab, the soi&oe 
which is tamed towards the papillary body, we cannot but con- 
clude, and enr condusion will be justified by dinical experi^ioe, 
that so &r from exerting any salutaiy infliMnee, the scab is 
positively a hindrance to the reparative process; peculiarly 
fSakmocirable conditions, such as a very rapid recession of ihe 
hypersonta, a very complete degree of desiecation, Ac, being 
needed, to allow of the catarrhal procees healing underneath 
the scab. 

The deonded sur&ce is clothed in just the same way as it is 
after the desiccation of a vesicle. I have indeed observed that 
concentrically-laminated globes, the so-called '^ pearly noduleB," 
are exoeptionally frequent in die new eutide produced under 
saeh eircunstanees ; ^is however is undoubtedly owing to tsm- 
porazy irregularities in the process of stratification. 

4 293. The case is differait when we have to do with an 
eruption which, for other reasons, has no tendency to get wdl ; 
when the vesicles and pustules are merely the acute beginnings 
of a chroBic catarrh. For instance, some forms of ecaena 
afiacting the legs are essentially due, not to external irritation, 
but to direnic disturbances of the drcalation, to venous hyper- 
aamia and phlebeetasy. 

These afford us our best opportimities for observing dmvnic 
oatarrk of the skin. Its phenomena depend on a chronicity md 
incraasing intensity of ^e hypersemia of the papillary body. 
Uiis causes in the first place, and directly, the continuance of 
secretbn from £he afiectod patch. Large quantities of transuded 
fluid force their way to the surface ; the purulent chasaoler of 
this secretion standing in an inverse ratio to its vdume^ since 
the rate of production of the pus-corpusdes remains eonstant, 
while the transudation increases considerably in amount. Finally 
we get a fluid which is almost dear, and very rich in salts and 
albumen; its enormous quantity sets all bandages at tfWUinAft 
C Salt Flux"). The skin undergoes a pM^essive .ftltanition 
which may briefly be described as an inflammatory hyper- 
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tn>]^. Thwisaho dneto thehypwaBmiaof ihepapiHaijbod/; 
At least it is alwajs the pspilltt wittch begin bj gnowiiig at the 
expense of tbe embiyonic tissoe psodneed at th^ apbes, jost as 
happens in tbe growth of grannhitions. We maj ooeaaioaudly 
obserre, even with Ae naked eye, Utile red bads spvonting up, 
which exhiiNt all the histological characters of gzannlatioBSi hut 
whidi are merely the enlarged — or, if the term be preAned — 
the degenerated papille of the skin itselE* 

{ 294. As the disease progresses, the state of irritation 
which was originall7 confined to the surfaee, extends to tiio 
deeper layers of the skin, to the cutis and subcutaneooa areolar 
tissue. This serres to connect chronic catarrh of the skin with 
those conditions which are described under the name of Elephan- 
tiasis in the second pert of the present chapter. It is difficnlt 
to determine how iar this may depend on the catarrhal irrita- 
tion of the surface, in what measure it may be oonaidered as a 
rcactiye hypertrophy; and what share belongs to the predis- 
posing cause of the eczema itself, to the disturbance of the 
circulation of the blood and lymph, and how &r there&re the 
morbid changes deserve to be regarded as an independent 
disease ; I will therefinre break o£P the thread of mj exposition 
at this point and tdce it up again when I come to treat of 
Blephantiasis. 

At present I will only speak about the tendency towards 
recovery, and the actual jjreeem of repair, in chronic catarrh. 
We huTc traced a dose analogy between the papillaiy body in 

its catarrlial state and the surfaee of a granulating wonnd; the 

1 ^ . ^ ■ ^ - - . ,1,,, 

* This iUastiates very strikingly tbe close connexion between byper- 
plflstic and beteroplastic evolution. Those who arc inclined to dis- 
tingokh sharply, not merely between hyperplastic and heteroplastic 
gmvth, bat between inflammatory betcroplasui and heteroplastic 
tamours, between simple and infiammatory hypertrophy, will do well to 
take this lesson, which akin-diseases offer, to heart. We may and onght 
to arail oarselvcs of these definitions for the purpose of giving clear- 
ness to our conceptions of the pfaenovaena, but we must beware of ele- 
vating them to tbo rank of rigid fbrmulflB. lilfone sncih exist in nature, 
wbieh reconciles all contrasts. In the present case, the development of 
embryonic tissue at the janotion of the epidermis with the connective 
tissue, belongs, np to a certain point, to the normal plan of evolution of 
the skin ; no sooner however does it overstep this limit, than it at once 
converts the otrtanecuB sur&oe into a granulating eore. 
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analogy may be extended to its mode of healing, which closely 
resembles that of repair by the second intention. Tlie phe- 
nomena exhibited by the cutis must be viewed as analogous to 
that ^^cicatrisation from below ^^ which, as the reader may re- 
eollect, plays so momentous a part in repair by the second inten- 
tion (cf. fig. 39, <?, § 104). These phenomena consist of a very 
curious combination of two processes which act in opposition to 
each other, viz. the production of cicatricial tissue, and an in- 
crease instead of a diminution in volume. We shall have to 
return to the consideration of this point under the head of 
Elephantiasis. It cannot be doubted that these phenomena 
react upon the state of the surface ; on examining vertical sec- 
tions (fig. 110) we often find the remains of obliterated vessels, 
recognisable as pigmented strise, mounting obliquely towards the 
dermal surface ; we may legitimately infer that their obhteration 
must have hindered the supply of blood to tlie papillary body. 
It would liowever be a great mistake to ground any hopes of the 
healing of the affected surface on these processes in the cutis, as 
in the case of repair by the second intention. On the contrary, 
eveiythiug depends on the treatment to which the diseased part 
is subjected. Nature must be helped by astringent and sicca- 
tive remedies, but chiefly by a systematic application of pressure. 
Under such conditions recovery takes place by a gradual reces- 
sion of the proliferated papilldB, and a skinning over of the entire 
surface. The diminution in size of the papillae is operated partly 
by the return of the infiltrated fluid into the blood, partly by the 
fatty degeneration and absorption of large numbers of corpus- 
cular elements. Intercellular substance appears between the 
cells ; hairs, glands, and nerve-fibres are no longer to be found ; 
they have obviously perished in the stormy activity which pre- 
vailed in the connective tissue around them : but nothing is 
known about tlie way in which they are destroyed. The papillae 
never reach their normal height ; in fact it is only the shallow 
undulations of the boundary-line between connective tissue and 
epidermis which indicate their existence (fig. 110). 

In marked contrast to a granulating sore, the skhuiing-over 
of the surface starts from several cenb*es at once ; it proceeds 
from within outwards as well as from without inwards ; this 
anomaly is due to the presence everywhere of remnants of the 
old rete Malpighii, which may proceed directly to the formation 
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of a new horny lamina. The homy layer continues very thin 
for a long time, and we know how easily a renewal of the flux 
may mptnre the delicate membrane and bo re-establish the 
disease as soon as it is cured. It is worth notice that in cases 
of permanent recovery the deepest celb of the rete Malpighii 
exhibit a striking tendency to become infiltrated with pigment 
(fig. 110) ; this manifeeta itself to the naked eye as a brownish 
staining, diffuse or circuniscribe<l, of the affected patch of 
skin. 

5 295. — b. The second variety of exanthematic pustule — 
the pock — is undoubtedly the most interesting of all cutaneous 
Pio. 110. 



Vertical section through the akin after chronic eczema. 
a. Horoj lamina; h. Uncons lajer of the epidermia; 
c. Pigmented layer of colmnnar cells ; d. PapiUorj body ; 
e. Catia traTcrsed by atreoks of pigment. 

eruptions from a histological point of view. The pock is at one 
period of its existence a simple pustule, but that is before it has 
attained maturity ; moreover it arrives at this stage by so 
peculiar a road, that it is entitled on both grounds to an 
independent position. 

The pock originates as a papule on a very hypersemio base. 
This proposition, which is repeated by all text-books, may be 
allowed to pass unchallenged, if wo clioosc to term every hard, 
nodular elevation of the cutaneous surface a papule. But it 
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most be remembered thafc the smaH-pox pqcinle differs Yerr 
ossentiaHy from the papules we loLve already descrttMd (e^ff^ ths 
papule of measleB). The small-pox papule is situated, wt least in 
great part, m the substanoe of the epidermis, uot uodemeadi it 
It begins, apart from the hypenemic oonditton of the piqiittary 
body, as a circnmaoribed ^^ parenohymafcoas ioflammation ** of 
the ^dermis. I use this word under reserre. That peculiar 
cloudiness and swelling of the cells which was discussed iu f| 36 
and 37, and which meets us here once more, has not in uqr 
opinion established itself on a very firm footing, as yet, in 
general pathology. The circumstance that the sweUiug leads as 
ofbon to fatty degeneration as to endogenous multiplication, 
renders it doubtful whether it ought to be considered as a pro- 
gressive or as a retrograde metamorphosis of cells. The present 
case is undoubtedly one of incipient productive activity, which 
may therefore rightly be called " inflammatory." 

It is neither in the deepest nor in the most superficial layer 
of the epidermis that the swelling begins ; its starting-point is 
in the middle stratum, which we have already described as com- 
posed of ^' intermediate cells," and as belonging to the mucous 
layer. These cells arc no longer naked, like those smaller 
elements which are in immediate contact with the papillary 
body; they possess a membranous investment whose surface 
already exhibits here and there that delicate grooving which was 
first discovered by 31. Schultze. The presence of a limitary 
membrane renders it impossible for them to respond to the 
inflammatory stimulus by simple fission ; their proliferation 
must take place by endogenous development But the first 
stage of endogenous growth is that same ^^ cloudy swelling " 
which is followed by segmentation of the enlarged protoplasm 
iind the transformation of the "segmentary spheres" into 
pus-corpuscles (cf. the description in § 68, fig. 30). 

§ 296. The shape of the individual podc is always eiroolar ; 
more complex forms are always due to the confluence of ad|ein- 
ing papules. This peculiarity, as may be shown in the case of 
many pocks, is due to a concentric arrangement of tibetr ele- 
ments round the orifice of a hair-sac or sweat-gland. These 
pocks may be distinguished firom the fest even with the naked 
«ye. They exhibit a central depressioD, the <^ umbilieBa." 
Everybody knows that both the reie IfaJpig^i and the 
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honqr la^er of the epidermis wee prolonged into the hair- 
saim Now if the swelling — or still more that aeroue 
satofatioB. of the rete MEalpighii ef which I an aboat to 
speak-— extends to the circamference of tho foUlcular orifice^ 
then the homy opidermic lamina which lines the follicle 
(the inner root-sheath) will act upon the enlargement as a 
central retinaeulom (or bridle) ; and will thns prevent the 
middle of the peek from rising to the same height as its peri- 
])her]r. The epithelium which lines the dacts of the sweat- 
glands is less tough than the inner root-sheath of the hair-sacs. 
It owes what cohesive power it has to its being stratified in a 
plane which cuts that of the cnticnlar strata at right angles or 
obliquely. But the morbid change does not even involve the 
parts in immediate contact with the duct. At all events I have 
many specimens in my possession which exhibit tlio ducts of 
Hweat-glands with tho tissues immediately surrounding them as 
the retinacula of smallpox papules (fig. Ill, a).* 

§ 297. Tlie next step in the developmental process is the 
conversion of the papule into a pustule. This is invariably 
preoeded by a serous infiltration of the epidermis. A clear 
fluid forces its way up from the papillary body, and raises the 
homy lamina of the cuticle ; it does not detach it from the 
muoous layer as in the production of a vesicle, but forces itself 
between the lamellte of the latter structure, pushing them 
asunder, and displacing them to such an extent, that from 
having been horizontal they come to occupy an oblique or 
vertical position (fig. Ill, b). This gives the upper part of tho 
pock a chambered appearance, whic^ has long attracted the 
notice of pathologists and has induced many to ascribe a loculose 
structure to the entire pock. This is decidedly incorrect. It is 
only the upper portion, the ^'dome'^ of the pock, which is 



^ JbupUz and Bcuch {Virchovp^e Archtv zxTiii.) explain the nmbilica- 
tion. of llio postnle in a way wliick does not seem to me very plausible : 
" The swelling of the individnal cells keeps extending in all directions 
from the affected centre; consequently the efflorescence as a whole, 
increases in bulk ; the formation of pns in its centre proceeds but slowly 
at first, and the pus is enclosed by the peripheric accumulation of 
swollen coils as by a capsule; the latter growing continuany laxf^r, 
without the pus-formation in its interior being able to keep 
with iL" 
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chambered. It is from this that we are able to obtain, either 
by a series of fine punctures, or bj a single shallow horizontal 
incision, which separates only the homy lamina, that clear 
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lymph which plays so important a part in the propagation of 
cow-pox. 

§ 29S. Suppuration now sets iu in the deeper layers of the 
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epidermis, where it follows immediately upon the parenchynia- 
tous inflammation. A host of pus-corpuscles is generated bj 
each of the swollen cells, and the chambered dome of the pock 
is soon filled with a yellowish purulent fluid in place of the 
transparent lymph which it previously contained. The pus- 
formation need not go beyond the epithelium. The pus dries 
up, and before the pock is thrown off, a new epithelial covering 
for the cutis is completed underneath it. 

As a rule however, the papillary body takes part with the 
epithelium in the production of pus. It may do this in two 
ways. We may distinguish between a catarrhal and a diphtheritic 
pus-formation. For the catarrhal variety I may refer the 
reader to § 292 and fig. 111. The suppuration is superficial, 
the papillary body remains intact, and is roofed in during con- 
valescence by a layer of new cuticle which long continues dinner 
than the normal epidermis. This variety of pock heals without 
leaving any scar. Both anatomically and clinically it is a far 
less serious affection than the "destructive" pock. The latter 
consists, not in a mere secretion of pus from the papillaiy body, 
but in a liquefaction of its proper substance ; hence it results in 
loss of tissue, in ulceration and scarring. Bdrensprung has given 
an excellent description of the naked-eye characters of the diph- 
theritic pock, as follows : " In the second stage (of pock-forma- 
tion) an exudation takes place wherever simple hyperaamia 
existed ; those portions of the cutis which hitherto presented a 
lively redness, now assume a white colour which extends to the 
subcutaneous areolar tissue ; they seem impregnated with a soft 
mass of exudation ; tlieir edges are surrounded by a red areola ; 
the papillsa too have lost their colour. In the third stage, the 
vesicles undergo conversion into pustules. On investigating the 
pock at this period, we can assure ourselves that all the infiltrated 
part of the cutis, together with its papillsB, has been destroyed 
by suppuration. The pock exhibits a hemispherical, vaulted 
appearance, and contains, besides pus, shreds of the necrosed 
tissue. A fourth stage exhibits the pustules torn open at their 
apices, and emptied of their contents ; their place is taken by 
little open ulcers, which leave the well-known reticulated scars 
behind them when they heal." 

The microscope furnishes us with a very simple and tho- 
roughly e:q>lanatory commentary on this succinct and luminous 

23 
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description. Bdrensprung' s exudation is not aomething amor- 
plioua — Qot coagulated albumen or fibrin ; it is made up of 
corpuscular elementa— of pos-oeUs. We most recollect tliat even 
in the catarrhal variety of Biippnratioo, tlie papillary body was 
abundantly permeated by yonng oells, some portion of whidt 
emigrated and were thrown off. In the present case, tills in- 
filtration is excessive in amoont; the cells aocnmnlate in such 
enormous numbers in the interior of the papilla, that they not 
only mask, hut compress, and so cause atrophy of all the other 
structures, the connective-tissue fibres, the vessels and the nerves. 
The blood cannot gain access to Hie infiltrated part ; hence its pallor. 
The annexed drawing (fig. 112) shows this state of things tolerably 
well. The vessels have been injected with gelatine and carmine. 



Diphtheritic pock. a. The normal akin enrroundiDg it, which 
is ancoesafultj injected. For further details we text. ^. 

Wherever the blood, failed to penetrate during life, the injection 
lias also failed to enter ; so tluit to right and left of the pock wo 
see the capillary- loops of the papillae well filled {aa), while the 
pock itself contains no trace of them. It looks as if a semi- 
circular piece of tlio cutis with its papillae had been cut out of 
the capillary network. The whole of this portion is infiltrated 
with pus-corpuscles in the way described above, and may be 
regarded as already dead ; the only question is how long tbe 
fibres of the connective tissue, and the obliterated vessels which 
it contains, and which connect it with the neighbouring part^ 
will rraist disintegration. They last longer in adults than in 
young people. In the former case an adherent slough is formed in 
the cutis ; in the latter, tjie infiltrated part soon melts into pos ; 
this dries into a crust; in either case however a superficial 
defect of the cutis remuns — on ulcer — whigh heals by the second 
intention, and leaves a permanant scar. 
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§ 299» — 6. The squamous ejocuUhem. I have rtSBrvei on 
more than one occasion to the difficulties which beaet our path 
wh^tiever we tiy to separate the ccHiception of inflammation from 
tliat of hypertrophy, as SBtiological categories of morbid growth. 
The squamous exanthem undoubtedly originates in a chronic 
inflammation of circumscribed portions of the skin. These are 
reddened, slightly swollen, and endowed with all the other attri- 
butes of inflammatoiy hyperflDmia ; the result of this hyperOBmic 
condition being, not an exudation into or under the epidermis, 
but merely an over-production of perfectly normal epidermic 
elements. This begins as an increased desquamation of homy 
cells, of " cuticular scales," upon the hyperaemic, slightly raised 
patch of skin {squamcBy desquamation squamous exanthem). The 
secretion of cells however, soon assumes greater proportions ; 
white masses varying in size &om a millet-seed to a lentil, and 
also discoidal plates, are formed, consisting of scales heaped up 
on one another, and firmly adherent to the parts beneath them 
(Psoriasis). Why, as the disease progresses, tlie epidermic cells 
cease to be simply cast ofi^, why they should accumulate in thick 
scales, is elucidated by pathological histology as follows. The 
more exuberant the production of cells on the surface of the 
inflamed cutis, the more imperfect is the degree of development 
attained by each individual cell. The average height to which 
their development proceeds under such circumstances is that of 
the ^^ intermediate cells," between the cylindrical elements of 
the mucous layer and the deeper cells of the homy lamina. 
That systematic hardening which we call ^^ comification," re- 
mains in abeyance ; in its place we have a simple desiccation of 
the soft protoplasm. During this desiccation the cells very 
naturally adhere to one another, and thus retain their connexion 
(which is purely mechanical) with the surface of the body for a 
longer period. 

The silvery hue of the scales in psoriasis is due to the 
admission of air into their substance, simultaneously with the 
desiccation of their cells ; and this also gives them Uieir pecu- 
liarly spongy and porous consistency. If we pick off the mass 
of scales, which may be done as a rule without employing nmch 
force, we find the pi^illary body under it almost entirely bate. 
The layer of epitheUum which protects it is so thin that the laast 
touch is enough to detach it, and to make the anrfiMO bleed : we 
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must recollect notwithstanding, that the continuity of the epithe- 
lial layer is still quite unimpaired, and that there is no trace of 
any exudation. Taking all these circumstances into account, we 
can arrive at only one conclusion with regard to the essential 
nature of the squamous exanthem, viz. that it is a morbid 
growth taking place upon a decidedly inflamed base ; and that 
this growth exhibits a very marke<l excess of, but — apart from 
the imperfection of the comifying process — no qualitative devia- 
tion from, the normal course of cuticular development. The 
squamous exanthem is an inflammatory overgrowth, and serves, 
as such, to connect the foregoing sections with the ensuing one. 



'P Hypertrophy. 

§ 300. What has been said above (§ 83) with reference to 
the physiological growth of epithelium and the extent to which 
the subepithelial connective tissue takes part in the process, may 
be transferred directly to the epidermis and papillary body. 
The papillary body supplies the epidermis with young cells : 
these are added to the refce Malpighii and gradually develope 
into epidermic cells. A morbid over-activity of this process 
forms the common basis of a great number of hypertropliic con- 
ditions, which we are now about to consider. I say ^' a great 
number,'^ and I attribute the manifold variety of the appear- 
ances presented, to the circumstance that the embryo-cell which 
ultimately becomes an epithelial cell, is, before its emigration 
from the connective tissue, one of its homologous constituents, 
and is equally capable of contributing to the overgrowth of the 
papillary body, when it is produced in abnormal quantities. The 
very process which ultimately issues in the formation of epi- 
thelial cells, if it be interrupted at an earlier stage, must inevit- 
ably produce connective tissue. In including the overgrowth 
of the epidermis and papillary body in one and the same chapter, 
I have therefore been guided, not merely by the circumstance 
that they are in fact nearly always associated in nature, but 
also by the unity of the [fbndamental process which underlies 
them both. The series opens with those forms in which the 
epidermis alone is afiected; it ends with those which are 
limited to the papillary body; the intermediate forms being 
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arranged according as one or other constituent is chiefly in- 
volved, the middle term corresponding to the equal implication 
of both. 

§ 301. — ^The callositt (caUosUas) is a circnmscribed thicken- 
ing of the horny layer of the epidermis. It forms a flattened 
superficial elevation of homy transparency, which slopes gra- 
dually down on every side. Its consistency depends on the 
amount of moisture present, and varies from the elastic and 
flexible to the homy and brittle. In its minute characters it 
differs from the normal structure of the homy layer, only in the 
number of superimposed strata of flattened and homy epidermic 
cells. 

If it be the function of the epidermis to protect the surface of 
the body from external influences by a coating which, however 
thin, is nevertheless very resistant, we may legitimately regard 
the callosity as a frmctional hypertrophy, analogous to the 
hypertrophy of muscles from over- work. Observation tells us 
that callosities are exclusively produced at such points of the 
cutaneous surface as are exposed to severe or often-repeated 
pressure ; as eg. the palm of the hand and sole of the foot. 
We should then ascribe tlie greater thickness of the homy 
layer, with which these parts are naturally endowed, to natural 
selection. The notion that a hyperaemic state of the papillary 
body, and a consequent increase in the nutrition of the epidermis, 
are caused by external pressure on those parts, is far simpler ; and 
so far from being antagonistic to the former view, it ratlier 
serves to explain it. 

§ 302. The corn (clatms) is a modified callosity. Here 
too, external pressure acts as the efficient cause of the over- 
growth. The difference in the results depends on a variation 
in its mode of action ; if the point at which the two opposing 
forces come into collision coincides accurately with the point 
of contact between the compressed part and the compressing 
agent, a callosity is produced ; if on the other hand the two 
points do not coincide, if the seat of conflict is withdrawn into 
the interior of the compressed part, in other words if the 
compressed part is capable of yielding to the pressure, a com 
results. 

Fig. 113 represents a vertical section through a com under 
a magnifying power of 20 diameters. Here too we have a 
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trifling elevation of the Bnrface ; it is, howeT«r, tar smaljtf and* 
nwce oiroumHiibed than in the case of the callosity. Tim 
swelling whicli proceeds from the under Bur&ce of tJie thick- - 
eoed homy layer at thia point, ia of far greater moment (a). 
This fbnns a tmncated cone with iti axis at right an^es to the 
sorfiue of the skin, into whidi it has paietrHted for eome 
dtstanee. Its preswre haS' flattened the pafillny elevations; 
the cntis itself is beginning to get thinner, and oasee not 
un&eqnently oMor in \rhich it is actnally perforated. On 
turning oor attention to the epidermis itself, we noUce a striking 
d^Murtore irom the usnal plane of its atratificetion where the 
com is thickest For, coinciding with and exactly parallel to 
the curvature of the conical plug which is forcing its way into 



Vertical ssction through a rom (aAer Sivwn). The| papillai7 
body at a IB seen to be flattened by the preeanre of the 
oeatnlp^ of theoom, ^. 

the cutis, all the supojacent strata of epid^mia are bent with 
their couvezity inwards, so that the centre of the com is in 
some sort differentiated from the parts around it. This inward 
curvature is also due to the external pressure ; which nay be 
said AA it wweto have manu&ctured a tool for itself out of the 
epidermis, with which it can proceed to operate against the 
deeper parts of the skin. 

§ 303. The KZ&A.TOBES of Jjd>ert form a comparatively rare, 
but all the more interesting group of thickenings of the hwny 
liLyiKof the cutkle. Monstrous accumulations of homy matto- 
OB the. Burface of the skin are rendered possible in the keratoaes^ 
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by the fact that the stratification of the homy cells of the 
epidermis follows a different law from that by which it is 
normally governed. 

It is well known that under ordinary conditions, the strata 
of homy cells lie parallel with the surface of the body, and 
that the papillaB take no part in the finer subdivision of tlie 
cutaneous surface. It is only the deepest layer of cells forming 
the rete Malpighii, which accurately follows every elevation and 
depression; and which would therefore present, if taken by 
itself, a perfect mould of the papillary body. Between this and 
the homy layer is interposed the thick cushion of the " inter- 
mediate cells;" these are not stratified, and therefore furnish 
materials which are, from this point of view, quite neutral, for 
filling up all the inequalities of the layer below them, and so 
paving the way for the horizontal stratification of the layers above 
them. In the keratoses these ^^ intermediate cells " are either 
quite absent or else disproportionately few in number. To the 
best of my belief they become prematurely homy, and this I 
regard as the essential physiological basis of the entire disorder. 
The absence of ^^intermediate cells'' necessarily entails the 
absence of any transition fi:x)m the one plane of stratification to 
the other : the homy layer of the epidermis is obliged in conse- 
quence to follow the rete Malpighii in its adaptation to all the 
elevations and depressions of the papillary body. Each layer 
of horny cells must therefore send into the layer which lies 
immediately above it, processes exacHy resembling those which it 
receives firom the layer immediately below it ; processes which 
correspond exactly to those which the papillary body projects 
into the deepest layer of the homy stratum. All the constituent 
layers are thus indissolubly united ; hence all the homy matter 
remains where it is produced ; hence too the possibility of those 
extraordinary thickenings of the homy lamina which charac- 
terise the entire group of keratoses. 

§ 304. Following Ld)ert^ we distinguish a diffuse fi-om a cir- 
cumscribed form of keratosis. The former results in the pro- 
duction of flat, homy scales, which often cover large areas of 
skin. Not unfrequently they resemble the scales of fishes ; hence 
the name Ichthyosis; occasionally they assume a more protuberant^ 
conoidal or prismoid form, thus approaching the circumscribed 
variety of keratosis, the comu humanum. That the great bulk 
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of these scales is made up of homy cuticular cells is beyond 
doubt ; some authors indeed allege that they have succeeded in 
isolating fibres and lamellaB, by teazing out the scales after macera- 
tion ; but these fibres and lamella) must also have consisted of 
epidermic cells. The mode of their occmrence will be self- 
evident fi:om the ensuing observations. 

If we break an ichthyotic scale in two, we may detect a 
vertical striatiou on the fractured surface ; here and there too, 
something like stiff fibrils may appear to project By macerating 
the scale in feebly alkaline liquids, and then treating it very 
cautiously with needles, shaking it, &c., we may now and then 
succeed in breaking it up entirely into vertical prisms, or, 
if the term be preferred, into short and thick fibres. Every one 
of these fibres may be shown to consist of a certain number of 
homy lamellro concentrically grouped round a central axis; 
when cut across, they may be counted on the cut surface like 
the annual rings of a tree. In the axis of the upper two-thirds 
of each pseudo-fibre we find nothing ; in the lower third we find, 
either nothing at all j or* a minute cavity which was once occupied 
by a more or less elongated papilla of the cutis. We infer from 
this, that it is the papilla) which regulate the peculiar stratifica- 
tion of the horny lamella). The axis of our concentric cylinder 
is continuous with that of the papilla ; and the almost vertical 
inclination of the lamellae is merely a repetition of its steep and 
sloping sides. 

This explanation does not cover all the phenomena of ich- 
thyosis. We must bear in mind that the surface of the skin also 
presents vertical planes where it is bent inwards to form the hair- 
sacs ; that these vertical surfaces are directiy continuous with the 
sides of the papillae ; also, that the epithelial lining of the hair- 
sacs is merely a prolongation of the epidermis. Nothing is more 
usual than the extension of the ichthyosis to the hair-sacs when 
it happens to affect hairy parts of the skin. The horny lamellsB 
whidi are thus produced, form, as might have been anticipated, 
casts of the hair-sacs; on transverse section they exhibit con- 
centric rings round an axial cavity. When the cavity is occu- 
pied by a hair, this appears in some sort as the axis of the 
laminated body; this circumstance may be made use of as a 
guide ; but it must not lead us to imagine that the hair, as such, 
exerts any regulating influence upon the stratification of the 
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homy lamelltc. The hairs upon the affected patch are thin and 
caducons ; this jwints to a. disturbance in their nutrition, due to 
the comification of the hair-sac The procesa extends as a rule, 
ileep into the fundus of the sac; the hair-bulb proper alone 
i-emaining unaffected. Fig. 114 represents a vertical section 
through an Icbtbyotic scale, and shovrs its connexion ^vith the 
underlying skin. The specimen was taken from a calf affected 
with congenital ichthyosia ; it is preserved in the Physiological 
Institute at Breslau,* and is especially fitted to shed light on the 
relation of ichthyosis to the hair-sacs. 



Ichthyotic scale; Tertical acction. Taken from a calf affected 
with ichthyoBis, A. 

S 305. With ichthyosis we may associate cutaneous horns 
(eomu Aumanwrn) as circumscribed varieties of keratosis. A 
monster of this description (9 inches in length) is preserved in 
the collection of the Pathological Institute at Bonn. As the 
figure (fig. 115) shows, it is a rounded prism, longitudinally 
grooved, and spirally twisted like a ram's horn. Most cutaneous 
horns, though neither as long nor as thick as this one, present 
• Cf. Sarpeck, deBoription of tbo skin of a calf bora with Ichthyosis 
cornea. Beichert^'a. Vvhoit-BeymmcTt Aichiy. Jahrgmg 1862. Hell iu. 
p. 393. 
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the same sort of appearance. On careful examination, each of 
the longitudinal grooves or forroirs is fonnd to correspond to a 
single cataneous papilla — which is not always elongated ; the 
horn as a whole springing from a group of papilke as its base, so 
that in this respect its structure agrees perfectly with that of an 
ichthyotie scale. Wc meet with horns, however, which are not 
of uniform thickness throughout, but conieal, tapering to a point. 
Tliere is an exquisite specimen of this variety'' too in the Bonn 
Fn*. Wo. 



a. CuUtneoua bom 9 mohes long, from the coUection of the 
Pathological Xnetitnte at Bonn. Natur&l size, after 0. Wabgr. 
b. Another horn iu the same collection, natural aise. 

coUection (fig. 115). Tlie rather abrupt increase in diameter as 
we approach the base of the horn, is due to the piDgressire 
addition of new homy lamellro, which overlie one another in 
an imbricate nuumer. Hachof theselamellxiagaia ismadeupof a 
series of elongated prisms, corresponding to single papilhe ; it is 
only at the extreme periphery' that we can obtain by maceration 
true lamellie, which exhibit the papillaiy moulding in somewhat 
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less aeoesitnated. curves. It is clear that the process- whs origin- 
ally confined to a smaller group of oataaeous papilke^ and 
spread, at first gradually, then with progressiveij increasiBg 
rapidity, to sunDunding parts. 

If we examine the under surface of one of these horns after 
its remoTBl, we not unfirequently ohserre a number of small 
conical prqjeotions; these were recognised by Virchow to be 
homy casts of haip-foUides. So that here also, as* in idithyosis, 
the morbid prooess may extend to the hair^saos. The homy 
maito produced by the hair-sacs can never indeed contribute to 
raise- the level of the surface ; so that it would be absurd to talk 
of the oomu humanmn criffinaHnff from the hair^blliQies. Their 
implication in the process, however, induces a thickening of the 
horn at its base ; and as this is lodged in the very substance of 
the cutis, it raises the notion that the horn springs firom a 
saccular depresskm — a dilated follicle — of the skin. This ex- 
jdaina much of what has been put forth concerning the follicular 
origin of cutaneous horns. The necessary basis for the growth 
of a horn is always agroup of papUlsQ ; and when we find horns 
springing firom the fundus of a sebaceous cyst we are tempted to 
in^nirB, fint, whether the cyst was really prior in point of time, 
and secondly, whether these horns also do not spring firom a 
basa» of piolifiBrated papillae. I have often seen vast numbers of 
small, pointed papillae on the inner surface of sebaceous cysts, 
whose growth must obviously have betfi secondary to the forma- 
tion of the cyst itself* 

§ 306. Appendia.'^The i^ppendages of the homy layer of 
the ciitiele— Ihe-hair and the nails — are, under ordinary ciroom* 
stonaes^ the largest accumulatians of horny matter in a compaet 
fonn^ to be met with in the body. After they have once 
assumed their proper shape, they are not liable to any im* 
portent change* At the utmost they can only undergo atrc^hy, 
i«. they may split up and fall off prematurely ; and even this 
is a result, not of any disease proper to the hair or the nails, but 
of some morbid condition of iheir matrix* The same may be 
said of the opposite conditicm of hypertrophy of the hair and 
the nails. Whatever points of interest these conditions may 
present* to the histologist, will be considered, as regards the hair, 
inthe dnpter on the Hahr-Sacs and Sebaceous Follicles ; — and 
as. regards tba^nails, at once. 
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Onychoobyphosis ( Virckow) or the daw-like deformity of 
the nails which is associated with their simultaneous detachment 
from their bed, depends upon a hyperplastic state of the entire 
matrix of the nail. First stands that portion of its bed which 
forms the lower boundary of the onychial fold (Nagel£dz). 
The long, horizontal papilhe of this region furnish nearly aU the 
substance of the nail, since this is no thicker at the finger-tip 
than it is at the edge of the lunula, up to which the papillae in 
question extend. This gires the nail its ridged appearance, very 
apparent by reflected light ; each ridge corresponding to a single 
papilla in tiiie same way as the vertical fibres of the ichthyotic 
scale. Irregularities in the rate of growth, which may be 
alternately accelerated and retarded, give rise to transverse 
ridges and fiirrows. I have repeatedly observed that the 
remissions and renewals of nutritive activity during subacute 
pyrexial disorders leave traces of their presence by little trans- 
verse grooves and ridges upon the nails. The anterior part of 
the bed of the nail yields a thin layer of loosely-connected epi- 
dermic cells, upon which the body of the nail glides forward as 
upon a cushion ; it may bo assumed as highly probable that 
these cells likewise contribute, though in trifling measure, to the 
growth of the nail in thickness ; this is rendered likely by the 
close adhesion of the nail to its bed ; but it is far firom being 
proved, and is even totally denied by Henlt. 

Now if the matrix of the nail become hyperplastic, the 
anterior part of its bed furnishes layer upon layer of these 
loosely-connected epidermic cells; the layers accumulate one 
upon the other, they raise the nail from its bed, and compel it to 
assume a more or less upright position; the hinder part of its 
bed, on the other hand, produces a thick and shapeless claw, 
several inches in length, spirally twisted, and somewhat incurved 
at its edges. Both of these conditions, which are so intimately 
related, may occur together ; more usually, however, only one 
of them is present. 

§ 307. Wabts may be broadly defined as hyperplastic over- 
growths of the epidermis, in which the papillary body shares 
more or less ; we will begin therefore with a few introductoiy 
observations on the mode of growth of the pajHllary body. It 
has already been stated that the very same cells whidi, after 
their migration from the connective tissue, are converted into 
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epidermic cells by contact with the unaltered cuticle, toe equally 
capable, before their migration, of serving tot the derelopment of 
connective tisane. The details of the process are well shown in 
a fine section through the apex of a rapidly-growing papilla of 
the skin (fig. 116). The boundary-line between connective 
tissue and epithelinm appears very distinct at the sides of the 
papilla, where the small yellowish cells of tlie rete Malpighii 
are implanted in the fibrous textni-e of the papillary body, 



A hjperpIikBtic papilla of tbe cntis with its epithelinm. From 
the neighbourhood of an epithelioma of the lip. 

as described in treatises on normal histology. As we 
approach the apex of the papilla, tiiis boundaiy-line fades and 
disappears ; for on the one hand, the rounded cells of the con- 
nective tissue accumulate at the expense of the intercellular 
sabstance, while, on the other, the epithelial elements pass by 
alow gradations from these rounded forms, through a more 
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spindle-shaped varietj, till they finally assume ike Hhapr of 
ordinary pavement-odls. Thus the sommit of the gvowiag 
papilla is made up of embryonio oells passing eactemaUy into 
epithelium, and internally into connective tissue— *a sort of 
^< cambium " layer, such as eodsts in the stem of a plant between 
the bark and the wood. 

§ 308. The COMMON hard wabt ( Vemtca) cosaists of a 
circular group of elongated papilla), with tlieir firee eadcemities 
slightly enlarged and bulbous, their vessels dilated and extending 
close up to the epidermic covering. The latter, in marked 
contrast to ichthyosis, presents its normal threefold division, 
inasmuch as a thick layer of transition-cells fills up all the 
interstices between the enlarged papillae, while the homy lamina 
invests the entire group with a common covering. At a later 
stage, when the wart attains an elevation of one line above the 
surrounding surface, the homy lamina exhibits rents and fissures 
which correspond to the interstices between the enlarged papilke, 
and which gradually penetrate to the base of the wart We are 
then able to see, without the aid of a lens, how many papillae go 
to make up the wart. Their number varies from three to 
twenty and more ; the size of the wart varies accordingly, from 
that of a pin*s-head to that of a split bean. It seems, moreover, 
as though this dismemberment of the wart were the first step 
towards its spontaneous cure ; the admission of air into its 
interior making the soft cells which it contains dry up together 
with the papilla). 

From an etiological point of view it may be interesting to 
know that the circular limit of the hyperplastic spot of skin 
corresponds to the area of distribution of a vessel of variable 
size. I can assert from personal observation that the very 
small, flat, discrete warts to which Ascherson has given the 
name of " VermcsB planae," and which ai'e usually met with on 
the face and hands of adults, are often grouped in a manner 
suggestive of the ramifications of a vessel. 

§ 309. The cauliflowzb excresgskces or papiUomata of 
the skin, the smaller varieties of which are known as ^^ Borrom" 
or ^^Acrothymion," dififer firom ordinary warts in that itkeir 
constituent papillae are destitute'of a common covering ; they are 
isolated fi^om the first, each papilla growing in^^aome maaaare 
independ^tiy. Their mode of growth resembles, nponiherwhoiey 
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that of ordinary warts ; but in addition to the terminal, there is 
also a lateral apposition of young connective tissue, a dilatation 
and elongation of the capillary loops. An arborescent stroma of 
connective tissue is thus produced, whose outlines are repeated 
on a larger scale by the epidermic stratum. 

§ 310. The smaller papiUomata, such as the porrum^ are very 
closely related, at any rate in outward form, to the pointed 
CONDYLOMATA. Thesc too are destitute of a common coverins 
for the thickly-set, hyperplastic papillas of the skin. They grow 
in just the same way, save that, as Biesiadecki has shown, a 
histological factor, which is of secondary importance in the 
normal growth of epithelium, takes a more prominent part in 
the development of acuminated condylomata. I allude to a 
certain fission of the epithelial cells, which is exclusively obsen-ed 
in the middle stratum* of the epidermis — where comification has 
not yet begun. The effect of tliis secondary growth of epithe- 
lium 18 barely appreciable in the normal development of the 
epidermis; to it we may ascribe the peculiar swelling of the 
epithelial border (fig. 39, e) which occurs during the skinniiig- 
over of granulating wounds ; but it contributes most effectually 
to increase the thickness of the epithelial protrusions in epithelial 
cancer ; in the pointed condylomata the extreme softness of the 
epidermic covering arrests attention, and this is due to the ex- 
cessive development of the mucous layer. The red and fleshy 
aspect of the sycomata, which impart a sensation almost like 
that of mucous membrane to the finger, is also due to the fact 
that there is no thick homy layer to mask the colour and con- 
sistency of the young and vascular connective tissue. 

Flat condylomata (^Condylomata lata^ Plaques mwjiieuses), 
must be sharply distinguished, in a histological point of view, 
from the pointed variety. The overgrowth of the papillary body 
is more difiuse ; it is not confined to the tips of the papillee, 
as in the papillomata just described. The overgrowth of the 
connective tissue predominates over that of the epidermis. Flat, 
rounded elevations about one line in height and from two to 
five lines in breadth, are thus produced; upon their surface 
the papillae form secondary prominences. The colour of thesc 
condylomata varies from a pale to a dirty red ; their epithelial 
layer is .exceedingly thin ; it is only in the folds between the 
adjacent prominences that a sort of cheesy epithelial substance 
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accumulates, which undergoes fiirther chemical changes and so 
gives rise to a most offensive smell. A catarrhal secretion of 
cells often takes place from the upper sur&ce of the growth ; 
sometimes too, the suppurative process extends deeper into tlie 
connective tissue. 

§ 311. In the soft or fleshy warts {Verruca carnosay 
mollis) the connective-tissue element of the growth preponderates 
to such an extent over the epithelial one, that most writers only 
refer to the epithelium because it not unfrequently presents a 
deeper pigmentation than usual of the rete Malpighii. 

Many of the soft warts are congenital and are known as 
" Mothers' marks" (NaBvi matemi) ; others originate in advanced 
life, chiefly on the face and trunk. ^^ The skin exhibits in these 
cases very gradual elevations, whose surface is usually flat, 
sometimes irregular, tuberculated or even warty. The epidermis 
and rete Malpighii, which extend over the growth, are seldom 
much altered; the cuticular investment is sometimes thicker 
than usual; but it never attains the same thickness as in the 
hard warts. If the growth be cut into, we see the cuticle spread 
over it in a uniform, rarely undulating layer. The growth itself 
is mainly situated in the cutis. It usually implicates the true 
papillary body and a certain part of the dermal tissue ; in rare 
instances it involves the entire thickness of the cutis, or may 
even penetrate into the subcutaneous areolar tissue. In every 
case however, it contrasts markedly with the tougher and whiter 
tissue of the cutis, inasmuch as its texture is more transparent, 
of a bright grey or yellowish hue, oftien reddish-grey, more soft 
and juicy, occasionally gelatinous; not unfrequendy too it is 
more coarsely vascularised. On investigating its structure, it is 
usually found to be very rich in cells , often indeed, it is all but 
entirely made up of relatively small cells with but little inter- 
cellular substance, and that little of soft consistency." 

The above description of the soft wart is borrowed from 
Virchow; he goes on to direct attention to the histological 
identity of the tissue in question with granulation — (embryonic) 
— ^tissue, using this as a basis on which to build his explanation 
of the intimate connexion between soft warts and cutaneous 
sarcomata {see below). 

§ 312. Let us linger a moment over the pigmented fleshy 
warts. Virchow has taught us to distinguish broadly between 
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four varieties of abnormal pigmentation in the skin; these 
are — 

1. Simple pigmentation of the rete Malpighii without marked 
changes in the cutis (freckles, &c.). 

2. Pigmentation of the catis without marked changes in the 
rete Malpighii and the epidermis. 

3. Pigmentation of the rete where it invests a colourless 
overgrowth of the papillaij body. 

4. Pigmentation of the rete associated with a simultaneous 
deposit of pigment in a hyperplastic cutis. 

The three last categories include all varieties of the pigmented 
mole ; the two last are included in the pigmented warts. The 
pigment is deposited in the form of yellow, brown, or black 
granules, partly in the cells of the rete Malpighii and connective 
tissue, partly outside them, freely distributed throughout the 
connective tissue of the papillary body. It sometimes accumu- 
lates in such quantities as entirely to mask all peculiarities of 
structure; nothing but pigment-granules being visible. These 
form long striae in the substance of the cutis, accompanying the 
larger afferent and efferent vessels. 

It is very unusual to find, besides the pigmentation of the 
rete Malpighii, the nuclei of the older epidermic cells of a uni- 
form black colour ; indeed the nuclei, even of pigmented cells, 
are generally free from colouring-matter. I have observed this 
phenomenon on one occasion only ; but I have failed to find any 
reference to it in books. 



y. Heteroplastic Growths. 

§ 313. Two of the most important heteroplastic growths 
which affect the skin originate in the papillary body, or in the 
epidermis and papillary body together, while the remainder have 
their seat in the cerium proper. The growths in question are 
epithelial cancer and sarcoma. 

EprrHELiOMA of the skin is very common ; hence we took it 
as our type of the disease, in § 164. Here therefore I will con- 
fine myself to the discussion of a few points, which were passed 
over on that occasion. And first a few words concerning the 
local etiology of the growth. 

Epithelioma of the skin occurs by preference at the junction 

24 
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«f ibe skin with a mucous membrane ; ac on the lips, prepuce, 
amns^ and vulva. When it occurs elsewhere, it is usually 
sMondary, ve, it is developed in parts which have been affected 
far years with some sort of morbid growth, without however 
exhibiting any of the characters of cancer. Among these are— 

1. Some of the above-described overgrowths of the epidermis 
md papillary body, those more especially, which exhibit from the 
first a certain preponderance of the epidermic element, sc. cnta- 
iieoas horns, hard warts, papillomata ; this gives the classification 
we adopted in § 300 a very serious clinical significance. 

2. Hypertrophy and dilatation of hair-sacs and sebaceous 
f^ands ; atheromatous cysts. 

3. Cicatrices, especially of the scalp. 

The transition to epithelial cancer, as already stated, is in- 
sngurated by an advance of the epidermic boundary, and con- 
sequently of the epidermis itself, inwards, towards the connective 
tissue — an advance which gives the growth a destructive, rodent 
diaracter. 

§ 314. The following varieties of cutaneous epithelioma are 
lased partly upon the locality, partly upon striking anatomical 
peculiarities of the growth. 

a. Warty epithblioma. One of the most interesting and 
frequent complications of the anatomical appearances described 
in § 165 et seqq. is that with papillary excrescences. The mode 
•f transition from cauliflower vegetations to epithelial cancer has 
already been described (§ 148). Closely connected with this is 
tiie circumstance that at the growing border of an epithelioma, 
in the zone where the sebaceous glands begin to be enlarged, 
warts, and even small cauliflower excrescences are not seldom 
fi>und ; and in this way the boundary-line between epithelium 
and connective tissue is displaced outwards, inverting ibe 
urder of that displacement inwards, which occurs at the same 
time. Moreover papillary excrescences are often produced 
vpon and witliin tlie epithelioma itself, the epithelioma being 
primary and the excrescence secondary. I need hardly say ihat 
Bi the production of these papillae the stroma takes a leading 
pari It would seem however as though the release of the 
tftrema, whidi follows the degeneration^ softening and expulfflon 
«f the tap-shaped epithehal protrusions^ contributed to diaoge 
ifae direction in which the development of the epitbelic«ia takes 
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placo. It is certain indeed, that the capillaries are peculiarly 
dilated in the softened parts, and project towards the cavities 
corresponding to the old epithelial protrusions, forming a 
number of closely aggregated loops. The secondary papiilss 
do not, as a rule, attain any great size; on the other hand 
they are very numerous, spreading uniformly over the whole of 
the ulcerated sur&ce, or covering a great part of it in patches, 
like sedge upon a moor. So far as I know, no cauliflower 
growth of large size has ever been met with upon the surface of 
a cancroid ulcer. 

h. Cicatrising epithelioma. This variety also is based 
upon a peculiarity in the behaviour of the stroma — ^and that 
after it has undergone infiltration. The skin of the face in 
old people is occasionally the seat of a form of epithelioma in 
which the infiltration never assumes any considerable propor- 
tions ; it leaves no real ulceration in its train, but only a smooth 
scar. As its extension is exclusively horizontal, and proceeds 
fix>m a single centre at a more or less uniform rate, it reminds 
us of a patch of lichen on a tree ; hence its popular name of 
" rodent lichen " (Fressende Plechte). The point of histological 
interest about it, to which also it owes its geneEral aspect, is that 
the residual stroma, which usually produces pus or papillsB, is 
directly converted into a stifi* cicatricial tissue, with a great 
tendency to contract ; this remains coated with a thin layer of 
epithelium. 

§ 315. Sarcoica of the skin exhibits certain peculiarities in 
the mode of its development, which necessitate a comparison of 
it with cutaneous epithelioma. Not the least important of the 
services which Virchow has rendered to the subject of the sar- 
comata, is his demonstration of the fact that cutaneous sarco- 
mata very frequently originate at such points as are predisposed 
thereto by other anatomical conditions. Among such local causes, 
the soft, fleshy wart occupies as prominent a place, as the 
hard wart, cauliflower excrescence, pormm, and eotaneous 
horn do with reference to epithelioma. Those hyperplastic 
<2onditions of the cutaneous sur&ce therefore, in which the 
connective tissue predominates, always threaten to pass into 
sarcomata. Foremost among these are the soft, pigmented 
warts {nMus piffmeniatui) ; this disastrous tendency has 
long been known. They give rise, not to white, but to pig- 
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mented sarcomata, so that the local predisposition extends its 
inflaence even to a collateral circumstance like this. Tumours 
which spring from soft warts usually continue to betray their 
origin for a long period, even in their broader outlines — ^pre- 
senting themselves in the form of true " fungi," ue. true mush- 
room-like proliferations, with a broad base and overhaugiog 
edges. But even in tumours of large size, their origin from 
the papillary body may soon be established by minute examina- 
tion also. The cutis proper extends unaltered beneath the 
tumour ; and this even where it is displaced and dragged inta 
the pedicle. 

Again, scars predispose to the development of sarcomata. 
The sarcoma of soars is also known as " false keloid." By the 
term Keloh), Alibert denotes a scar-like tumour of the skin. It 
forms oval protuberances of a red colour and tough consistency, 
often with claw-like prolongations ; its surface is smooth, and it 
is usually found in parts of the skin which were previously 
healthy. The tissue may be termed sarcomatous, and die 
arborescent distribution of the growth is ascribed by Collins 
Warren (Sitzb. d. K. Akadem. d. Wissensch. Bd. Ivii., 
1868) to its localisation round the smaller arteries of the cutis. 
It is otherwise with the talse keloid. This may be said 
rather to replace a scar than to grow out of one. In ilie regular 
course of the development of a scar, the presence of round-cell 
and spindle-cell tissue is only provisional ; they speedily give 
place to fibroid tissue. Now if either the one or the other 
element persists longer than its proper time, and if it accumu- 
lates in disproportionate amount, we get, instead of a scar, a 
tumour belonging to the sarcomatous series. Even fungous 
granulations (§ 105) may be viewed in this light ; and they fonn 
one extreme of a series of transitional forms, whose other extreme 
is represented by the most luxuriant and malignant sarcomata. 

In addition to the above, Virchmo has directed attention to a 
local cause which determines the formation of many cutaneous 
sarcomata. Bepeated irritation and inflammation is one of the 
most frequent and efficient excitants of sarcomatosis ; another 
proof that our oomparison of the sarcomata with the products of 
inflammatory proliferation rests on a deeper foundation than the 
mere form of the cells ( VirchcWy Erankh. Geschwiilste, Bd. ii- 
p. 246, ^eqq.). 
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§ 316. Fibromata of the papillary body deserve especial 
notice. They differ from fibromata of other organs in their 
^eater softness ; hence they derive their name of ^^ MoUuscum.'' 
Fibroma MoUuscum (Virc/uno) is usually multiple, so that wo 
are able to study every stage of its development in a single case 
(of. Vircltowy Kr. Geschw. i., 325 and frontispiece). A small 
group of papillsB, perhaps even a single papilla (for this point is 
still sub judice) furnishes the materials for a roundish nodule, 
which may pass through every gradation of size, from that of a 
millet-seed to that of a man's head and upwards. In its interior 
the various stages of growth succeed one another as follows : 
the younger nodules, and the more recent portions of the older 
ones, consist of round-cell and spindle-cell tissue, while the older 
ones are made up of fibrous tissue. It is noteworthy that in 
its fibrous stage, the growth never exhibits that extreme tough- 
ness which is characteristic of old cicatrices or of the corps Jibreux 
of the uterus. The moUuscum always remains soft ; and this is 
due, as I can assert firom personal knowledge, to a peculiar modi- 
fication in the development of the connective tissue, owing to its 
being complicated with oedema. The connective tissue as it 
approaches maturity, does not contract firom all sides towards a 
single centre, in the usual way, and so shrink together as a whole ; 
it contracts round certain lines which traverse the mass, and 
which coincide in the main with the course taken by the vessels. 
We meet with this modification in the development of fibrous tissue 
wherever the islets of parenchyma undergo a metamoi*phosis 
requiring space for its completion; so e.g. it occurs in the 
development of clusters of fat-cells, in enchondromata, myxo- 
mata and colloid cancers. The connective tissue forming the 
stroma of these tumours represents the major part of tlie 
original basis of embryonic tissue, which, as the specific dif- 
ferentiation progresses, and the originally minor part under- 
goes a disproportionate increase in bulk, becomes converted 
into a narrow framework for the reception of the islets of 
cartilage, granules of colloid matter, clusters of fat-cells, &c. 
The present case is simply one of oedema, due probably to 
some disturbance of the circulation, and occurring in the mol- 
luscum-nodule at an early period. The fluid requires space. 
Hence even in that early stage, when the mass consists of round- 
oells, elongated fissures make their appearance in the parenchyma- 
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tona isletB of tiie tomoor (fig. 117). l^eee fisanres, whidi con- 
tun Hie dropsical flnid, increaBe in size ; soon we come to speik 
of bends of eonneoUve tissue stretched between the veaa^ ; and 
when the fibroid development is complete, the entire hissb is 
represented by a network of thick tmbecalie of comiective tiEBQe, 
whose meshes are bridged over by thinner fascicnli of Sbm 
(fig. 117). It is self-evident that this atmctore mnst be quite as 
■oft, nay, edter than ordinary gnmtdation-tiBsne. If therefore 



Fibrotoa molluBcnm. 1. Mature (after Virdune) ; 2. jiDiuturs. 
Formation of clofte in tbe islets of pareochymB. tci- ^' 
a. tbe Inmen of a Teaiel- 

the word "mollusonm" be derived finm "moUis" (and this 
hardly admits of donbt), no fitter name oonld pc»Bibly be found ; 
inasmuoh ai softness is, thron^ioot the entire life of tbew 
tnmoars, their chief ohazacteristio. 



2. DXSSASES ,0F THE COEITJK AND SUBCtnTANEOUS 
AbXOLUL TlSBUlB. 

f 817. The position of tlie coriom in pathological hittoltg}' 
is aotnally determined by the impcoiant oironmstanoe thit it 
constitateB the greatest continnons aoraunolation of vtsonltr 
eoDnective tusae in the body. A priori therofbre, we sbonld 
ezpoct to meet, not so nmch with « aeries of novel and peeaiiar 
appeannoea, as with a very dear, I might almost esy, ty^tt^ 
•TolntioD of flu fiuniliar h^Iogieal potentialities of the intw- 
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mediate apparatus of nutritiou. Nor are we doomed to disap- 
pointment. With the exception of miliary tubercle and 
encbondroma, there is hardlj any product of the conjoint 
vascular and connective-tissue system which does not attain to 
its fidlest perfection in the corium ; some of these, particularlj 
the specific products of leprosy, glanders, and syphilis, evea 
exhibit a marked predilection for the skin. Lupus is exclu- 
sively confined to the skin ; but recent observations compel mt 
to regard this as a growth which originates in the sebaceous and 
sudoriparous glands, and therefore to refuse it tliat place among 
the diseases of the corium to which most authorities consider it 
entitled. 



cu 



Inflammation. 



§ 318. The corium proper, according to a very noteworthy 
investigation by Bolletty is built up of thick bundles of fibres (of 
connective tissue) which traverse it obliquely, starting from the 
subcutaneous areolar tissue ; these break up as they advance 
towards the surface, and interweave with neighbouring fibres im 
form a web of extraordinary density. Moreover, the individual 
fibrillfls are of exceeding toughness, offering an obstinate resist- 
ance to soflening and liquefaction. Owing therefore to the 
closeness of texture, as well as the toughness of its constituent 
fibres, the corium proper is little suited for tlie exhibition of 
such processes as claim much space in short periods of time, and 
in particular, of snppiurative inflammations. When we come to 
consider those inflammations which start from the hair-sacs— acne 
and furunculi — we shall sec how cumbersome an attitude it 
taken up by the corium towards each acute inflammation ia 
turn. The behaviour of the subcutaneous areolar tissue is very 
different. It offers no obstacle to the spread of suppuration. 
The fibres of the areolar connective tissue are soft and readily 
dissolved ; between them are meshes and lactmaa (the '^ cells ** 
of the ^^ cellular '^ tissue) smooth internally, and occupied bj 
fluid or dusters of fiit-oells. In these meshes, around the tMj 
dustero, there is enough space to accommodate three times the 
amount of fluid which is usually present Add to this that hen^ 
between the muscles and the skin, an extremely free commnw^ 
cation between neighbouring parts is kept up by the 
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and blood-vessels ; in short, every faciliiy is afforded for the 
extension of a subcutaneous suppurative process. 

We must keep these facts continually before our eyes in 
studying the acute inflammations of the skin. They shed a flood 
of light upon the course of phlegmonous abscesses, when the 
corium shows only too well its capacity for hindering the escape 
of the pus accumulated underneath it No important novelty is 
contributed to pathological histology by the study of this form 
of inflammation. It simply exhibits suppuration and abscess- 
formation in its most typical form — and on the largest scale — 
such as has been described already in the General Part of this 
work (§ 94, et seqq.). 

The most exquisite example wo possess of chronic inflam- 
mation affecting the skin, is afforded by the so-caUed Sckro- 
dermia adulUyimm (not to be confused with sclerema neonatcnim^ 
or with elephantiasis). Rasmussen makes an infiltration of 
the perivascular sheaths with small cells the starting-point of 
the textural alterations {HospitaUTidende^ 1867). Extending 
further, this leads to a more diffuse production of young con- 
nective tissue, which subsequently contracts and causes a 
peculiar puckering of the cutaneous surface. The skin grows 
smooth and shiny, and is very closely applied to underlying 
parts, e.g. to the condyles of the humerus in the neighbourhood 
of the elbow-joint; distortions and deformities arise in conse- 
quence, just as if the affected regions of the skin were cicatrices. 
We shall meet with precisely analogous conditions in the liver 
and the kidneys, where they receive the name of cin'hosis and 
granular atrophy. 

p. Hypertrophy. 

§ 319. One of the most peculiar and interesting of all the 
diseases to which the skin is liable, Elephantiasis Arabuh, must 
be regarded as a hypertrophy of the corium and subcutaneous 
connective tissue. It owes its name to the striking resemblance 
between the lower extremity of a man affected with this disease, 
and that of an elephant. The skin, prodigiously thickened, 
hangs in wide baggy folds about the leg and ankle, so that the 
toes can barely be detected peeping out from under them. ^ 
section, we recognise the familiar structure of the cutis, only 
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on a larger scale. As regards its etiology, I will only remark 
at present, that we have many reasons for believing it to be a 
chronic inflammation. Oar description of eczema ruhrum on a 
former page, was broken off abruptly at the point where it passed 
into chronic inflammatory thickening of the cutis. Wc reserved 
this for our chapter on Elephantiasis, because no anatomical 
difierence of any moment can be shown to exist between these 
two forms of cutaneous hypertrophy. Moreover in those coun- 
tries where elephantiasis is endemic (the tropical and subtropical 
regions of the globe), it is a well-known fact that the disorder 
usually begins with phenomena having all the characters of 
erysipelas (see § 288). During this inflammatory stage the 
lymphatic glands, which receive their lymph immediately from 
the inflamed part, become swollen ; in erysipelas of the leg, the 
inguinal glands, in that of the arm the axillary, in that of the 
face the cervical glands. The swollen glands do not subside. 
The lymph-paths through them remain pennanently blocked. 
There ensues a stasis of the lymph ; the outflow of the super- 
fluous nutrient fluid is checked, and this must be regarded as 
the immediate cause of the hypertrophy. 

§ 320. We will begin by giving a general sketch of the 
histology of elephantiasis, derived from recent investigations. 
Teichmann asserts that the above-described dilatation of the 
lymphatics may be traced to their origin in tlie papillae of the 
skin. Virclww adds that an irritative condition of the corpus- 
cular elements of the connective tissue may be shown to exist from 
the very first, in parts affected with elephantiasis ; proliferation 
of nuclei and fissiparous multiplication of cells being found 
particularly in the radicles of the lymphatics. The smallest 
lymph-paths are richly lined with an epithelial stratum of un- 
usual thickness. This would point to a direct connexion between 
the morbid growth and its chief causal element, the dilatation of 
the lymphatics. 

I regret that I cannot speak of the first beginnings of 
elephantiasis from personal observation. I have only had the 
opportunity of subjecting its later stages to an adequate histo- 
logical analysis. Here too, the blood-vessels and lymphatics 
play a prominent part ; but what chiefly arrests attention is the 
increased bulk and simultaneous condensation of the existing 
bundles of connective tissue. How, we may inquire, is this 
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brought about? The cutis is a web of fasciculi of connective 
tissua In transTerse Bcctions these fasciculi are divided, some 
transversely, some longitndinally, others at eveiy imaginable 
angle. Now if we select a point at which a handle of longitudinal 
fibres happens to abut upon a bundle which has been divided at 
right angles or obliquely (fig. 118), wo find that the longitudinal 
fibres separate to include those which arc divided transversely. 



ElephantiosiB. Connective-tissne bundles or the cutis Been in 
longitudinal and transverse seclion. c. Lymphatic epacea 
Burroimdiiig tranaTcraely-divided bundles; i. Protoplssin. 
•t whose expense the bundles increase in length and 

thickness, rts. 

They form a framework whoso trabccnlie are ingeniously inter- 
woveu witli the fibres of the bundle which is cut across. This 
framework however ib of a much softer and more delicate con- 
sistency than the main fibres. It rc&acts light less highly, and 
is not eo BusoeptJble of being Btained by carmine. Of course the 
transition from the one variety to the other is extremely gradual. 
In other words, the &Bcicnli of connective tissue in Uie skin 
afiTected by elephantiasis, divide at each end into a number of 
finer and softer fibres, which make up a framework for tho 
reception of the central portions of other bundles, whose position 
in relation to the first set, is transverse or oblique. Bepeatod 
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ezaminatioii fidled to show any traoes of embryonic tissue. If 
I am called upon to express an opinion as to the mode in which 
the cntaneonB oonnectire tissue increases in amoont during the 
later stages ei elephantiasis^ I cannot deny the probability that 
the elongation of the fibrillaB is primarily due to the progresave 
and gradual hardening of the soft material at their aids. This 
view indeed rests chiefly upon the absenee of any other produc- 
tive process in the hyperplastic cutis ; it affords a very plausible 
explanati<«i, however, of the naked-eye appearances. 

The fibres at first grow thicker at the expense of tlie same 
material to which their elongation is due. lliis seems at first 
sight paradoxieaL Bat we must recollect that the soft ends of 
the fibres are at the same time the cement for the agglutination 
of such bmidles as mn in other directions. Why cannot the 
same material serve fi>r the elongation of some fibres while it 
contributes to the increase in thickness of others ? The latter 
increase however has its limits. No sooner does the fibre attain 
an average diameter of half a millimetre than it separates sharply 
fiom the cement round it ; a true interstice is thus produced^ 
which isolates the fibre completely for a variable part of its 
extent. These interstices mdoabtedly communicate with the 
lymphatic system, and contain those large quantities of dear,, 
coagnlable lymjA, which flow firom the recently divided 
surface of the affected skin. They attain their highest de- 
velopment at the junction of the cutis with the subcu- 
taneous connective tissue. Here too we find the thickest of 
the fibrous bundles. Higher np, in the outer portions of the 
cutis, the fibres are thinner ; no vestige of interfibrillar ^»ces 
can be seen, nor any of dilated lymphatics, such as one might 
expect to find, in accordance with the observations of Virchovr 
and Teiehnionn on the early stages of the process. The state of 
ibe capillaries is much more striking. The capillary network of 
tibe cutis is neither doser nor mxure abundant than usual ; on tiie 
oontraxy, it is obviously nothing more than the old capillary net- 
work stretched over a greater area ; the individual vessela 
however are wide and giving; their walls are intimately fiised 
with the surrounding connective tissue. The lumina of tiie 
vessels in the dense substance of the cutis, dosely resemble the 
ohanneb excavated in worm-eaten wood. I am inclined to call 
this the first stage of cavernous metamorphosis, reminding the 
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reader that Uecker has described a case of congenital elephantiasis 
in which the tissue distinctlj exhibited a cavernous sinictore. 
This condition of the vessels however, occnrs in all fibromata ; and 
for the conversion of an ordinary fibroma into a cavernous 
fibroma, a peculiar process of contraction has first to take place 
along the axes of the vessels (c£ § 129). 

The elephantiastic overgrowth spreads from the cutis into the 
subcutaneous areolar tissue; first the fascise, finally the inter- 
muscular and periosteal connective tissue, become involved. The 
more complex organs, such as muscles and nerves, which are 
included in the growth, as well as the adipose tissue, undergo 
atrophy and disappear. The periosteal growth leads to enlarge- 
ment of the bones by the apposition of new layers of osseous 
substance. Numberless exostoses cover their surface ; affording 
ample proof of the possibility of true bone being developed, not 
from the periosteum only, but fix>m the adjacent intermuscular 
connective tissue as well. On the other hand the papillary body 
is involved in ilie hypertrophy. The papillary body is, after all, 
only the outermost layer of the cutis. The skin in elephantiasis is 
therefore veiy often covered with overgrown papiUse, and also 
with thorny projections, which make it look like an ox's tongue. 
The process, however, is always more widely spread in the deeper 
layers of the cutis, than in the papillary body ; the implication 
of the latter being always secondary. 

§ 321. Pachtdkrmia ltmphangiegtatica, an interesting 
variety of ordinary elephantiasis, has its seat of election in the 
scrotum, penis, mons veneris, and the anterior part of the 
perinseum. The hypertrophied skin is studded with innumerable 
vesicles, the largest of which is not bigger than a pea ; it is 
evident at the first glance, that these vesicles are not produced 
by detachment of the cuticle, as in the bullous exanthem, but 
that they are really cavities in the uppermost layer of the cutis 
itself. For their roof is comparatively tough ; the clear fluid 
they contain, can be squeezed out of them, returning in 
proportion as the pressure remits. On puncturing any one 
vesicle, true lymph flows from the puncture, oft^n in enormous 
quantities, while the swollen cutis and all the other vesicles 
subside contemporaneously. This shows clearly enough that 
the vesicles are in connection with the lymphatic system ; but 
the histological investigation of vertical sections through the 
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affected skln^ affords additional evidence that it is the superficial, 
sub-papillary network of lymphatic vessels, which has undergone 
partial ampulliform dilatation. Tlie vesicles are roofed in by 
the epidermis together with the papillary body. As a rule, the 
detached portion of the papillary body contains from four to six 
papillae ; in the smaller vesicles, these are still tolerably long and 
slender ; in the larger ones, they assume a broader and shorter 
form; I have never seen them stretched to such a degree as 
no longer to be recognisable. All the vesicles are lined with 
the well-known mosaic of endothelial cells ; and this places their 
origin from dilated lymphatics beyond all doubt We have still 
to find out the special cause of the peculiar modification of the 
anatomical appearances. I feel myself obliged to look for it in 
the implication of the unstriped muscular fibres of the skin in 
the hyperplastic process. We know that the tract of skin which 
is peculiarly liable to be affected by pachydermia lymphan- 
giectatica is also very richly endowed with involuntary muscular 
fibres ; indeed the tunica dartos of the scrotum is an independent 
muscular membrane (cf. Neumann on the Distribution of the 
Fibres of Organic Muscle, in Wiener Sitzb. 1868, p. 651). 
Now in the case which I had an opportunity of examining, and 
which presented the anatomical features of the disease in 
their most typical form, there was a very distinct overgrowth 
and proliferation of unstriped muscular fibres; tliey were 
grouped in well-marked, compact fasciculi, which permeated 
the entire thickness of the cerium — radiating obliquely from. 
below upwards in all imaginable directions. The corium indeed,, 
was made up of muscular and fibrous elements in nearly equal 
proportions. Setting aside the likelihood of compression of the 
lymphatic trunks by the actual contractions of this exuberant 
muscular layer (of those trunks which, passing vertically 
through the cutis, serve to connect the superficial with the 
deeper network of lymphatic vessels), and the consequent am- 
pullaiy dilatation of the superficial network ; it cannot be denied 
that a somewhat similar effect would needs be produced by the 
mere elastic reaction of the muscular parenchyma, when this is 
developed, as in the present case, in a region singularly incap- 
able of yielding to the demands of new products, of whatever 
kind, for more space. Hence I am led to believe that the over- 
growth of the muscular fibres is to be regarded as the chief 
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cause of the lymphangiectasis, by hindering the circiilation q{ 
the lymph in the substance of the coriom proper. 



y. Heteroplastic Growths. 

§ 322. A reference to the disenssions embodied in the 
General Part of the present treatise will allow us to be very 
brief in speaking of those heteroplastic growths to which the 
skin is liable. This applies more particularly to myxomatous 
and lipomatous tumours, which originate by preference in the 
subcutaneous areolar tissue ; also to cayemous growths, to the 
sarcomata and fibroid tumours, which may occasionally be met 
with in the subcutaneous tissue. 

The various kinds of Cabcikoiia usually affect the skin only 
in a secondary manner ; for we either find a cancer of deeper 
parts, e,g, of a lymphatic gland, a muscle, or a bone, making 
its way outwards to the skin by continuity of tissue, or else a 
true metastatic deposit in the skin, formed during the later 
stages of carcinomatosis. In the latter case, the disease usually 
assumes the form of flattened tubera vaiying in size firom a pea 
to a hazel-nut, mainly confined to the skin of the trunk. Tbe 
name of " ivory cancer of the skin " (Alibert)^ or ** cancer en 
cuirasse '' (^Cruveilhier), is applied to a scirrhous or colloid cancer 
of the mammary gland, when this extends in small but closely 
aggregated nodules over the entire skin of the fiT>nt of the chest, 
converting it into a tough, white, translucent, smooth, and lus- 
trous rind, as hard as a board. 

§ 323. The specific products of leprosy, of qrphilis, and (sup- 
posing my own view to be wrong)* of lupus, form, in respect of 
their histology, a natural group, which, as we have already had 
occasion to see, is distinguished by its peculiar hybrid position 
on the border-land between inflammation and tumours. The 
acme of the tissue-development, the point at which it culmi- 
nates, is the production of an embiyonic dssue, which bo closely 
resembles the familiar inflammatory proliferation of connective 
tissue, that Virchow has actually given it the name of granula- 
tion-tissue, and has embodied the whole in a class of ^ granu- 



• Cf. § 317, kst wsaUam. 
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lation-growths '' (Granulationsgewachse). Notwithstanding this, 
no one would dream of simply inclading them among the 
products of inflammation ; at the very least, they would be 
called ^^ specific '* inflammations. Their specific character does 
not however reside exclusively in their etiological relations ; it is 
also based on demonstrable anatomical pecidiarities. The very 
way in which the embryonic tissue is brought together deserves 
special notice. It takes the form of nodular (tuberous) deposits 
in tlie connective tissue of the cutis. The individual nodules 
attain the size of a pea, or even that of a cherry or more. This 
would of itself be a phenomenon of extreme rarity in the history 
of simple inflammatory growth ; it would rather deserve to be 
termed ^^sarcomatous." Still more important is Hie way in 
which the growth lingers on the confines between organisation and 
decay. By slow gradations — it would seem — the embryonic 
tissue passes, either into connective tissue, or into pus; or 
its cells become &tty while its intercellular substance under- 
goes mucous softening. We get a series of very charac- 
teristic intermediate forms, of which we appreciate the value 
w hen we attempt to distinguish between the individual members 
of the group. 

§ 324. The syphilitic gumma has been fiilly described 
elsewhere. The chief anatomical critericm of its specific charac- 
ter was found to reside in the partial fatty degeneration of the 
granulation-tissue, in the production of cheesy centres amid a con- 
tinuous accumulation of newly-formed connective tissue. The 
gummatous deposit in the skin deviates £rom this type in the 
greater rapidity of its course, and in several other points also. 
Q-ummata of the skin are rarely single ; they are usually 
multiple, arranged in groups which occupy a certain tract of the 
cutaneous surface {Lupus syphiliticus). The nodules are seated 
in the parenchyma of the cutis, and even when they cause no 
visible projection, they may be detected all the more readily by 
the finger. The peculiar hardness which characterises them at 
first, speedily passes, as a rule, into the opposite extreme. The 
tendency of the cutaneous gumma to undergo softenings is well 
known. This end is readied by the co-operation of s«pparation 
with fatiy degeneration ; in this case, as in many others, they 
form links in one chain, suppuration freeing the cells from their 
orgimic ootmecnon, while fatty degeneration indicates the imme- 
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diate result of this isolation — sc, their atrophy and death. The 
focus of softening then gives waj, and liberates its contents : a 
circumscribed loss of substance being left. Its floor and walls 
are infiltrated to the extent of a line and more with young cells ; 
this gives a dash of white to their colour, and makes them tough 
and bacony. A thin fluid containing a few cells and some fatty 
dSmSy exudes from the raw surface ; the adjacent bundles of 
connective tissue are slowly dissolved, and the ulcer continues to 
increase in size until its further progress is arrested by vigorous 
anti-syphilitic treatment Then, and not before, a permanent 
layer of embryonic tissue is formed upon the floor of the ulcer ; 
it is then, and not before, that the formation of a scar begins. 
Syphilitic scars have a strong tendency to contract Causing 
the utmost distortion of neighbouring parts, they shrink them- 
selves to a mere nothing, so that after the lapse of a certain 
time it is often impossible to infer the previous existence of a 
syphilitic ulcer from the presence of a scar. This peculiarity too, 
has not been explained as yet by the results of microscopic in- 
vestigation. A syphilitic scar resembles all other scars both in 
its structure and development. The blood-vessels are invariably 
obliterated ; in injected specimens the syphilitic scar looks like 
a gap in the vascular network of the skin ; whether the power- 
ful contraction of the connective tissue may not be the cause 
of this total obliteration of the vessels, must remain an open 
question. 

So much for the development of a single syphilitic tubercle 
in the skin. The growth and decay of many such aggregated 
nodules lies at the root of syphilitic lupus. Tlie nodules are now 
small and superficial, now deeply seated and large. In die 
former case they are usually grouped concentrically round the 
point which was first affected; discoidal ulcers result which 
become annular by healing from the centre, where a cicatrix i» 
formed {I/upus syphiliticus serpiginosus). In the latter case the 
ulcers grow deeper, they extend into the areolar tissue (JLupus 
sf/ph. eaulcerans). There is also a hypertrophic variety of syphi- 
litic lupus, in which isolated nodules of relatively small size are 
developed in an abundant matrix of newly-formed connective 
tissue. 

§ 325. The pathological anatomy of Leprosy was shrouded in 
darkness till a very recent period. It was in 1848 that Daniduen 
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and Bosch's work on the Nurwegian SpedaUked appeared in 
Paris, a work illostratod with admirable drawings. Since then 
Virchoie haa taken the matter in hand, and lias subjected it to a 
most oxhanetive treatment in his work on Tumours. All the 
afibctions obaervod in the course of leprosy aro based, histolo- 
gically speaking, on a common foundation. This is a change 
in tbo connective tissue which leads, in the skin, to the 
formation of the well-known leprous tubercles. After a pro- 
longed initiatory stage, during which the akin is reddened in 
patches and exhibits bossy swellings, a number of nodules aro 
developed in tlie substance of the cutis or in the subcutaneous 
tissue; these vary in size from a hazel-nut to a walnut ; they urn 
hard, and more or less prominent according to their situation. 
Tlioy give the skin a tuberculatcd aspect ; oL'curring by pre- 
ference upon the face and hands, they lead to the most repulsive 
deformities. Microscopical analysis in the hands of Virc/ww 
yielded invariably the same results. Tlie nodules consisted 
throughout of granulation-tiasue, very rich in cells. This tis.<<ue 
extended from the rete Malpiglii! to the subcutaneous layer of 
adipose tissue ; it surroundod the hair-sacs and sobaceons glands, 
causing their atrophy by disturb- p,g jjg 

ing their nutrition. Honco it is 
that tlie tubercles of leprosy, even 

when seated on the hairy scalp, ^^.' 

aro always hairless. The accom- , ~ \ 

panying woodcut is copied from ^^ %^ 

fig. 178 in Vircfimo's book on j^ ^ 
Tumours, and shows the leprous 
tissue nnder a considerable magni- 
fying power. VircJtoio adds that he 
has nowhero traced the progressive 
development of a simple spindle- 

Hbaped or stellate connective-tissue , 

corpuscle tbrongb all the stages of 
nuclear and corpuscular prolifera- 
tion so perfectly as here. The eelb Tiagno of leprous tuberclLi 
divide; they grow smaller and (after Fircftoio). Ceils un- 
more numerous ; the intercellular ""fP'^S *iaion, 

substance is represented by very narrow bands of a raaterini 
which is rendered granular and cloudy by acetic acid, and which 
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must Uioreforc contain mucin. The ultimate result of these 
changes is the texture represented in fig. 119, a, which muy be 
regarded as embryonic tissue of the most typical kind.* So Ear 

iguiflhed 



syphilitic product by its size and its occurrence in a multiple 
form, agrees with it most absolutely in being compoaed of granu- 
lation-tissue. The agreement is absolute in this respect until 
i*ctrograde metamorphosis sets in. The leprous product indeed, 
like that of syphilis, undergoes disintegration by a combined 
process of fatty degeneration and suppuration ; it diffiers £rom it 
in the long period of it^ precarious quiescence. For we may 
fairly term the condition of a tissue precarious, when it contains 
a vast number of elementary parts requiring nourishment, parts 
which have taken the place of a parenchyma at once smaller in 
bulk and containing fewer cells ; and this without any adequate 
increase in the supply of nutrient material by a simultanaous 
formation of new -vessels. Retrograde metamorphosis or suppu- 
ration might be expected to set in at once. But neither of tJaeae 
changes seems in any hurry to begin. At last, after years have 
elapsed, the nodule becomes softer, its intercellular substanoe 
undergoes partial liquefaction, some of the cells are destroyed by 
fatty change; but complete resolution can only occur if the 
gi'owth was very limited in extents The nodule passes into 
suppuration and ulceration only if it is exposed in an exceptional 
degree to violence and other sources of external irritation. A 
slight increase of cell-growth, then converts the l^>rou8 nodule 
into pus, which is evacuated externally, leaving a proportionate 
loss of substance behind it. The leprous ulcer thus produced 
continues to discharge a thin and sanious pus, whidi usuallv 
dries up into brownish crusts. 

The same specific product of morbid growth nndftfli^ the 
otlier disorders incidental to leprosy. Thus €.ff. the cutaneous 
miaesthesia is due to the growth of nodules upon the nerves ; Uie 
spontaneous disarticulations of the limbs an9 caused on Uie one 
hand by the gradual extension of the infiltration to da^r parts, 



* Hamen jitates (Nordiakt Medicidskt Ariov. i, 18) that in tHo older 
leprous taberoles, oells arc found wbtdi ooBtain, besides a nadens, a 
brovnish oily spherole, togeyther wiUi pecaliar anotphons^bcdies of 
loirge siae which seem to be entirdij tnuidc op of such i^)faei3i)«k 
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CB the other by a painless suppurative diaorganiaation of the 
jmitB whieh finally results in complete sepamtion. 

$ 336. GiiAiffDBRSy eommunicated finom tiie horse to man, 
manifests itself also by the production of nodular d^Kisits in the 
adbeutaneotts areolar tissue. The deposits are entirely made up 
of ^mbryonie tissue, and dt£for from the corresponding products 
of ayphilis and li^rosy in a speedier rate of change, terminatiBg 
isvariably in suppuration. 



3l BiSBASBS of THE HAIR-FOLLICIiES AND SSBAOEOUS 

Glands. 

a. Retention of Secretions. 

{ 327. The hair^sac, with its af^nded sebaceous follicles, is 
^ne of the most tngwiious anatomical contrivances in tho body. 
The whole arrangement for the implantation of the hair into the 
akin, the ingenuity with which it is provided for in the interior 
of the hair«aac— all this agrees wonderfully with our notions of 
tbe adaptation of means to ends. But, as in the case of many 
an iogenioufl contrivance due to human skill, the advantages are 
not without corresponding drawbacks. Both are easily put out of 
ovder. The way in which the growing hair moves upwards along 
its flbeath, at whose narrowest part it is brought in contact with 
the ^lenings of the sebaceous glands, which oil it with their 
•Oflgation, and protect it against the adverse influenoes with 
whieh it will hanre to c<mtend upon its liberation* — all this looks 
ironderfoUy cunning and practical. But the very doseness of 
thia contact between the hair and the neck of the follicle has its 
dangecB. It wants but litde to stop up the mouth of the follicle 
oomploMy. A irifling swelling of the subapidaranic connective 
tiasme, a slight increase in the number of -epidennic eoUs pro- 
dnoed, is •quite enongh to fill the snudl amount of vacant space 
^ndiieh stiH eacists in the neck of the sac. The ezcMitory duct 
<mae ploggod, the aeeintion cannot escape, and a whole series of 
diMwdenB of the haknucs, due to retained secretions, are tbe 
nautt. nieee we will now proceed to describe. 

i 8fl& Pnasing for a moment to consider the etiology of 
fl»tes(iiaa,*we find iifaat a doanre of the bair-foHide by dirt ieom 
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without, is comparatively rare. Any substance which could noi 
bo expelled and pushed aside by the vigorous advance of the 
growing hair, would have to be endowed with a very extra- 
ordinary degree both of penetrating power and viscosity. A fiur 
more important cause of retention is the over-secretion of epi- 
dermis and tumefaction of the subepidermic connective tissue 
about the mouth of the hair-sac, to which allusion lias been made 
above. In one of the disorders which we shall have to consider, 
viz. acne, both of these phenomena are simultaneously produced 
by one and the same cause, sc. a subacute inflammatory state ; 
and it seems fair to assume a like mode of causation in other 
eases which are complicated by inflammation. All these causes 
however, sink into insignificance in the face of a circumstance 
which throws the very question as to the mechanism and causes 
of occlusion into the remote background ; I mean the circum- 
stance that the structure of the hair-sac affords the most favour- 
able opportunities for an accumulation of secreted matter, without 
nny previous occlusion of the efferent duct 

The hair-sac {see flg. 109) is club-shaped in form; the 
diameter of its fundus exceeds that of its mouth ; its walls face 
pnrtially downwards ; indeed that portion of the follicular wall 
which immediately surrounds the hair-root, may be decidedly 
said to be turned aioat/ from the surface of the skin. Hence 
tlio secretions from the wall of the follicle find their escape 
hindered by that wall itself. It is only the vigorous growth of 
the hair which prevents the cells shed by the epidermic lining of 
the follicle, from remaining in its interior. The hair dniga 
them with it as it grows; the upward and outward direction 
of the little scales of its cuticle contributing to this result Th^ 
hair may be said to scour out the litde recess in which it grows. 
But it is obvious that this self-cleansing apparatus is only 
adapted to cope with a very moderate amount of epidermic 
desquamation on the part of the follicular lining. The least 
increase of this must necessarily lead to the retention of the 
secreted matter. Accordingly the question as to what stops up 
the follicle becomes futile. We ought rather to inquire how it 
h that the secretions are not usually retained — considering the 
peculiar structure of the hair-sac. In my opinion, this is tlie 
point of view which wo ought to take up, with reference to the 
etiology of retention in the hair-follicles, which is otherwise ao 
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enigmatical. The starting-point of the disorder consists in 
over-secretion from the follicular lining; and this serves also 
to explain the occurrence of retention. In the majority of 
instances the over-secretion in the hair-sacs is merely a part 
of a general disorder of the whole cutaneous surface, in which 
its recesses take part in their due measure. Persons whoso 
dins are naturally greasy, whose hair and nails grow fast, whoso 
heads are always full of scurf— young men at the time of puberty 
— are therefore specially predisposed to diseases caused by 
retention of secretions in the hair-sacs. Moreover we often 
find them in the neighbourhood of epitheliomata and warts— 
wherever indeed a proliferation of cuticular elements is an 
essential feature of the anatomical alterations. 

§ 329. Granting therefore that wc have to do with over- 
secretion in the interior of a hair-follicle, we next proceed to 
inquire whether this affects the follicle in its entirety or only a 
portion of it. The former is the case in comedo. This term is 
applied to a condition in which the entire length of the hair-sac 
is uniformly distended by an accumulation of epidermic pro- 
ducts. The skin may easily be raised from its bed at this point. 
If we squeeze it firmly on each side of the comedo, a small 
whitish plug is driven out of tlie sac, which exhibits a black 
spot on its free end, and has accordingly been compared to a 
living organism — a maggot — (comedo). Of course, the appear- 
ance in question is due to the impregnation of the free end 
with dirt from without. If we put the plug in a drop of 
water and examine it microscopically, we find nothing beyond 
epidermic scales, which here and there exhibit an opaquely- 
dotted appearance due to the presence of oil-globules. Besides 
this we find free oil-globules, fiirnished by the sebaceous glands. 
According to Gustav Simon a very small six-legged parasite 
with a long abdomen, the acarus folliculorum^ is more common in 
these than in normal hair-sacs. I have never seen it Come- 
dones are usually found on the alse and bridge of the nose, 
and on the shoulders — ^wherever the skin is coated with down 
only. They do not affect the hair-follicles of the scalp and 
chin. 

§ 330. If the over-secretion is restricted to the fundus of the 
sac, the resulting appearances are somewhat different The 
epidermic masses form concentric laminae round a central nucleus, 
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eoniistiiig of a ipheroidal aggr^ate of cetti; an opk kei a i a 
globe is ihaa prodooed, which diffars from the ^' pearly nodok'*^ 
ef epithelioma only by its greater aixe. Shoidd the gidbe attain 
the dimensions of a miUet-seed, it commimieates a ydlowidb^ 
white tint to the overlying epidermis, and reeeiTes the name of 
MnjiJM or Grcjtum. 

§ 331. A third variefy is the MsuGKBiB, m eaUed firom the 
honey-like oharaetor of Uie follioiilar eenteate ; this is doe to a 
more abondant admixture of oily matter from the sabaeeons 
glands with the epidermic products. If the nodule projeet 
markedly above tl^ surface^ if the distended fellide protrude 
more and more above the level of the surrounding skin, and if 
the connective tissue of the papillary body take part in the 
hyperplastic process, the Mollusoum cONTAeiCBUM results. 
This is a wart-like prominence as big as a pea^ differing from 
other soft warts which resemble it^ only in having its oentee 
occupied by a dilated hair-sac which secretes fatty and epidermie 
prodnds in abundance. The hyi)othesis of an antecedent oookK 
sion of the hair-follicle is least of all — be it said in pasHBg— 
applicable to molluscum C(»itagiosum. In the larger molluaeoua 
tumours, the follicular orifice is often found gaping to such an 
extent that the contained matters may be squeeaed out with Ike 
utmost ease. It has been asserted that these matters axe 
capable of transferring the disease to the i^in of a healthy 
person. The assertion rests on a very doubtful substratum of 
evidence ; it has given rise however to the questionable epithet 
^^ contagiosum/' 

§ 332. The AGB009BedH>aN is a smaU cutaneous polypn% 
often with a very long pedMe. It looks as if a small, cmokgAf, 
brown wart were hanging from the skin of the neck or trunk. 
On examining the head of this Uttle tumour, we find in ita 
interior one or two hair-foUides much distended with sebmn,. 
ke* We may reasonably assume that this retention gave rise 
to a warty projeetie»y which subsequently became polypoid. 
The length of the pedi^e, which is often v^y strilring^ is usoaUy 
due to accidental causea-^particularly to a bad hafait of plagfing 
with and puUing at such tumours. 

$ 333. We come finally to the AxHsaoMATOtrs cnr^ the 
highest degree to which the simple retention of secreted mattaa 
in a hair-aao is capable of attahodng* The foUide ia distetided 
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by the accamnlated secretions till it reaches the size of a 
pigeon's egg, or even a child's fist It becomes a retention-cyst, 
in which we are able to distinguish between a secreting oyst- 
wall and secreted a)ntents. The former is composed of a 
connective tissue rich in cells, lined by from two to three layers 
of pavement epithelium. Its thickness is in inverse proportion 
to the size of the tumour ; it may ultimately become as thin as a 
serous membrane. Nevertheless we must always regard it as a 
hyperplastic product, inasmuch as the sac of connective tissue 
in which it originated, is the thinnest of all the layers and 
sheaths of the hair-follicle. This sac must therefore have 
undergone a striking increase, both in superficial area and in 
thickness ; and although I am far from wishing to assert that 
this increase in size is the cause of the over-secretion and reten- 
tion, it nerertheless seems to me a veiy important fact, that in 
proportion to the gradual increase in the production of epi- 
thelium, the area, not only of the epithelial layer itself but that 
of the organ which T regard as the matrix of the epithelium, 
has also undergone an increase. Moreover it is clear that the 
increased production of epithelium is at once the cause and the 
consequence of the dilatation of the follicle, the case falling 
under the category of those circles of cause and effect witli 
which we are familiar in the pathology of physiological ^sts, 
e.g, tiie urinaiy and gall-bladders. The contents of the qystare 
now friable and greasy, now more honey-like, now a stiffly 
gelatinous, transparent and concentrically laminated mass. On 
one occasion I came across a cyst which admirably illustrated 
the popular Oerman name of Grutzheut^lgeschtvidsL In a thin 
fluid like the yolk of a raw egg, a number of grey, translucent 
granules, not unlike boiled groats, were suspended. All athero- 
matous cysts of any size usually contain cholesterin in large 
quantiti^, which gives the gruelly matter a spangled lustre. 
The microscope shows us that all matters resembling boiled 
groats or jelly, all the white, friable contents of the cyst, are 
made up of epidermic cells in a partial stateof fatty degenenltion. 
Qlie yellow constituents are granule-cells and oily dSm; tlie 
glittering scales, as has been already stated, are cholesterin- 
plates. We sometimes find a certain number of fin» lani^- 
hairs ; these have obviously grown either from pre-eausiing or 
from newly-ftrmed hair-rodts. Upon fiie whole, the hair is 
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strikingly passive in all disorders due to retention. At first it 
acts merely as a plug to complete the closure of the follicular 
orifice. The greater the subsequent accumulation of epidermic 
masses, the more docs the middle part of the hair waste ; its 
growth is either wholly arrested, or continues for a while in a 
meagre sort of way. 

§ 334. Before leaving the present subject, some allusion 
ought to be made to a i^henonienon, which is peculiarly frequent 
in association with atheromatous cysts, but which also possesses 
a certain degree of general interest in reference to the pathology 
of the hair-sac : I refer to its displacement. 

The normal hair-sac — so at least we are taught by normal 
histology — is embedded in the substance of the true skin ; it is 
only the longest and most vigorous hairs which push their roots 
into the subcutaneous adipose tissue. This statement needs 
qualification. It is true that in a cross-section through die 
healthy skin, the great majority of the hair-sacs really do not 
extend beyond the limit of the cutis. No sooner however is the 
hair-sac enlarged to any considerable extent, than it forces its 
way out of the cutis and becomes subcutaneous. Accordingly 
oven the smaller atheromatous cysts are all situated, not in the 
substance of the cutis, but underneath it We observe a pre- 
cisely analogous displacement of the follicle in lupus, in hyper* 
trophy of the sebaceous glands, &c., so that its cause is really 
worth inquiring into. And here an old observation of my own, 
which I made during the investigation of a colossal myxoma 
(twelve pomids in weight) from the skin of the back, comes 
in very appropriately. 

This tumour had originated in the subcutaneous areolar 
tissue ; the skin over it was very tightly stretched. On removing 
any part of this cutaneous investment and examining its under 
surface with a powerful lens, it became at once apparent tliat 
the hair-sacs with their appended sebaceous glands were pro- 
jecting from it. Some were quite free ; others lay in shallow, 
funnel-shaped depressions, formed by the dissociation of the 
fasciculi of the dermal connective tissue. The general im- 
pression conveyed was, that pre-existing recesses had been 
opened up from below by the stretching to which the skin was 
exposed, just as the mouths of the uterine glands become funnel- 
shaped when the mucous lining of the organ is distended from 
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within during pregnancy. This led me to subject bits of health*y 
skin to a renewed examination ; and I then found that wherever 
a liair-sac of medium or large size (I except only the smallest 
lanugo-hairs) was implanted in the cutis, it lay, not so much in 
its substance, as in a sort of prolongation of the subcutaneous 
connective tissue. Now should a follicle of this kind increase in 
size from any cause, it must separate the fibrous bundles of the 
corium from one another quite as cftectually as dilating pressure 
from below ; the recess is opened up ; and the above-mentioned 
prolongation of lax connective tissue acts as a gubernaculum to 
guide the hair-sac in its descent into the subcutaneous tissue.* 

p, Lrflammaiioiu 

§ 335. The state of things in the interior of the hair-follicle, 
and especially the retention of its secretion, cannot continue 
without reacting on surrounding parts. We have seen that in 
molluscum contagiosum, as well as in atheromatous cysts, 
hyperplastic changes in the surrounding connective tissue were 
excited by the retained secretions, changes which ultimately 
resulted in swelling and thickening. Inflammation of the hair- 
sacs — or rather inflammatory processes starting from the hair-sacs 
— proves however, that this reaction of the environment against 
the morbid state of the follicle, may also assume an acute and 
heteroplastic character. 

§ 336. What is known as Acne, presents us with a series of 
anatomical phenomena, cojisisting essentially of retention of 
secreted matters on the one hand, and of a perifollicular inflam- 
mation on the other. This eruption is very common as an 
accidental complication of comedones and milia. It may be that 
the products resulting from decomposition of tlie stagnant con- 
tents of the follicle act as irritants upon the cutis. A more 
unlikely supposition is that the perifollicular inflammation is 
primary ; that it causes swelling of the subepithelial connective 
tissue about the neck of the hair-sac ; and so, by stopping up its 
mouth, brings about an accumulation of secreted matters as a 



* Weiiheim had already pointed out (in 1864) the mode of implanta- 
tion of the hair-sac, and shown that it passed directly into a fascicalus 
of connective tissue coming from the deeper layers. (On the Structure 
of the Hair- Sac in Man, &c. Sitzber. der Kais. Akad. Bd. L. April.) 
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necondfliy pheRomenoiu In every postale of acne, ire must 
distiaguish anatomicaUy between tbo alterstioiis in the central 
hair-sac, and those in the sarrounding oonnective tissue. "Hie 
root and root-sheath of the liair remain passive throngbont, save 
that a large number of epidermic cells in a state of fttty do- 
geiiemtion colleot between them. All the more striking is the 
active part taken bj the sac of connective tissne in the inflam- 
matory process. It appears to be completely converted into 
pus ; for in the matter squeezed from a ripe acne-pustnle, I have 
never fonnd any trace of it ; nothing but the hair, together widi 
tlic pus-corpuscles and epidermic cells; and this although the 
residual loss of substance is twice or three times as large as the 
original hair-sac. Tlie vessels of the follicle, owing te the 
licpiefaction of the connective tissue in which they lie, undergo 
maceration ; the cells which line the sac appeal* to share in the 
inflammatory proliferation, and the walls of the sac to lose their 
ttohesion in consequence ; for when the escape of the pus relieves 
them from compression, they nearly always give way. 

The true seat of inflammation is the surrounding connective 
tissue of the cutis ; hyperaemia, plastic infiltration, and sup- 
puration, following one another in an area extending from lialf a 
line to two lines from the follicle. The pus collects round the 
latter, and long before we can detect it shining through the 
cuticle, a drop of it exists in the depths of the cerium, which 
may be evacuated by a puncture ((?. Simon). It is not till a 
later [)eriod, that the little abscess begins to point The mouth 
of the follicle opens verj- gradually, the bundles of connective 
tissue which surround it yield vei'y unwillingly. The pus-cells 
burrow between them and the epidermic portion of the hair-'Sac, 
and accumulate round the shaft of the hair, pushing the epi- 
dermis before them. Finally, the process culminates in the 
speedy rise of a somewhat abrupt, straw-yellow pustule. If the 
pustule be punctured and kept from drying up, it gradually 
empties itself of its own accord. As a rule, a firm pinch expels 
both the pus and the follicle which contains it The proliferative 
activity in the skin rapidly subsides thereupon ; the bundles of 
connective tissue come together again, and the little hollow 
whicli was formerly occupied by the follicle is filled up with a 
small quantity of cicatricial tissue. 

Stoosib is merely a variety of aoiie» While ^t» iMmr is 
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diiefiy eonfiiied to thoie regions of the skin whioh are coated 
with down only, the fonner attacks the baiiy soalp^ the beard, 
the eyebrowSi &c» No previous retention of secreted matter in 
the affeeted follicles can be shown to occur. Kilmer finds the 
source of irritation in a vegetable parasite which invades the 
hair-foUide ; I agree with Hebra in believing that this parasite 
is very seldom to be found. 

§ 337. The assumption that fcrunculab inflammation in- 
variably starts from a hair-foUido, is certainly not universally 
received ; every one must admit the occasional possibility o£ 
audi an origin ; and if it be an accident, it is undoubtedly a very 
singular one, that I myself should never have been fortunate 
enough to meet with any other mode of origin. Considering 
how common furunculi are, it is clearly easy to get any quantity 
of the so-called ^^ cores" for examination. These, liowever, do 
not suffice to decide the vexed question as to the origin of the 
inflammatory process. For this purpose it is necessary to have 
recent specimens with the whole of the neighbouring skin for 
examination ; and these are not readily to be had. Whenever 
I had an opp<»innity of examining such materials, I invariably 
found, in the foeus of inflammation, one of those iunnel-shaped 
protrusions of the subcutaneous connective tissue into the cutis, 
whioh serve, as has already been shown, for the recepti<m of 
hair-sacs (§ 334). BardehebenLS account is very similar {Bar- 
ddAeuy Lehrbneh der Chirurgie, vol. ii. p. 17). 

Furunculi differ from acne and sycosis in the extent of the 
inflammation ; this is not confined to the substance of the eoiis, 
bnt^ though reaching its maximum intensity in that structnno, 
spreads at the same time into the subcutaneous connective tissue. 
Once upon this veiy irritable soil, the inflammation nqudly 
eoctands over disproportionately large areas. The hyperaemia, 
togelher with a vigorous lymphatic saturation, suffice of them- 
selves to cause the nodular swelling (perhi^ i» large as a 
pigBcm'fi egg), which can be felt through tiie tense and difi^sely 
reddened skin. 

In marked contrast to the wide extent of these prelinunary 
stages, the inflammatofy proliferation is really confined witiihi 
nacvow limiti. It extends but a li ttie way from the ciroumferG»ee of 
th» above-mentioned protrusion of subcutaneous connaotivetissue 
Ato the suiMtaiiae of the ontis. Within this area, however, the 
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plastic iufiltratiou assumes such proj>ortioiiS9 the accumulation of 
pus-cells is so dense, that tlie blood-vessels undergo compression. 
In one variety of the furunculus, the Anthbax, this goes so far 
as actually to cause the death of the infiltrated part, which grows 
.as black and dry as boot-leatlier ; in ordinary furunculi the 
process does not go beyond simple necrobiosis ; many of the cells 
show signs of fatty degeneration. In either case, however, the 
infiltrated part is gradually cut off from the surrounding con- 
nective tissue by a process of suppurative demarcation, and 
expelled from the skin — a termination usually hastened by opera- 
tive interference. It constitutes the familiar "core" which, 
when teazed out under the microscope, exhibits nothing beyond 
disintegrating cells and a few fibres of connective tissue amid a 
mass of debris. After the expulsion of the core the sinuous 
ulcer which remains, heals by the second intention, leaving a 
stellate scar. 

y. Hypertrophy, 

§ 338. Active enlargements of the hair-follicles, due to morbid 
growth, must be distinguished from their passive enlargement, 
due to retained secretions. Next, they must themselves be 
divided into true and false hypertrophies ; the former retaining 
the original anatomical and physiological character of the parts ; 
while in the latter, the increase in size is associated with some 
specific modification of structure which arrests their normal 
functional activity. Tlie hair-sacs and their appended glands 
thus become foreign to the organism ; they pass into the category 
of heteroplastic tumours. The consideration of these "false" 
hypertrophies will tlicrofore be deferred for the present. 

§ 339. A time " overgbowth of hair " can only be said to 
^xist in hairy moles, the so-called "mice" (^ncevus spiltis). 
These brown, hemispherical or flattened elevations of the skin, 
sometimes of considerable size, would seem to ofier j)eculiar 
facilities for the most luxuriant growth of hair. Not only are 
the individual hairs very stout, but, if we happen to possess a 
mole of our own, we notice that its hairs are shed and renewed 
much oftener than those of the head and beard. If we make a 
vertical section through one of these nsBvi, we find at least one- 
fourth of the hair-follicles, which are very thickly set, furnished 
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with a little accessory sao occupied by a new hair in a more or 
less advanced stage of development; we find the appearances 
which KoUiker has figured in his Handbook (figs. 79 and 80). I 
cannot but seek the essential feature of the ncsvus spUus in this 
overgrowth of hair. The sebaceous glands are in nowise implicated. 

§ 340. Once, and once only have I met with a true over- 
GROWTH OF THE SEBACEOUS GLANDS, and I question whether 
the growth described by Forster under the name of " glandular 
tumour" of the sebaceous follicles is a true hypertrophy at all, 
since it exhibits a certain rodent tendency which is only asso- 
ciated with tlie false hypertrophies, with lupus and cancroid. 
The tumour which I examined was sent me by Professor Wernher 
of Giessen ; it was as big as a pigeon's egg, and attached by a 
broad base to the hairy scalp ; it was freely moveable. The skin 
over it was pitted ; the holes could be seen with the naked eye ; 
they were the mouths of hypertrophied sebaceous follicles ; no 
hairs were present 

Sections of the tumour forcibly reminded me of similar sec- 
tions from a normal mammary gland. Amid the thick trabeculse 
of a very tough stroma, there lay acini consisting of from three 
to five terminal follicles with a common efierent duct ; among 
these were scattered wider ducts, cut across transversely and 
obliquely. Each acinus contained very small, round, epithelial 
cells ; the ducts were filled with solid and liquid fatty matter. 
The growth as a whole was of a homologous character ; it was 
nothing more than an overgrowth of the normal type of a seba- 
ceous gland, similar to that which is normally carried out in th& 
mammary gland. 

§ 341. This is the place to say a few words about a truo 
HYPERTROPHY OF THE SUDORIPAROUS GLANDS, by way of appendix 
to the present section ; for I do not intend to devote a separate 
chapter to these structures. The false hypertrophies of the 
sweat-glands, like those of the sebaceous follicles, fall under the 
head either of epithelioma or of lupus. True hypertrophy of the 
sudoriparous glands gives rise to a flat, fungoid elevation of the 
skin, which, smooth and hairless, is not unlike a soft wart On 
cutting into it however, we see at once that neither the papillary 
body, nor any other part of the cutis, is involved. The sweat- 
glands, as everybody knows, lie at the junction of the skin with 
Uie subcutaneous connective tissue ; it is here therefore that the 
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main bod j of tiie tumour is realty situated ; it oonnsts of a pad 
-of sweat-glands, from iiiree to fimr lines in tluckness, and of 
corresponding width. Bach single gland ntaj attain to iha 
■diameter of one line; the adipose tissue seems to be partly 
jmshed aside, while the bands of connective tissue between Ae 
indiridual glands are thickened. 

The occurrence of small qrsts, full of dear mucus, must be 
r^Bsded as a sign of retrograde metamorphosis. They originaie 
in the total lique&ction of single glands, and occupy esaeUy 
ibe same space. 

5. Heteroplastic Tumours, — Lnptu. 

4 842. The undoubted participation of tiie hair<*sao8 and 
sebaceous glands in the genesis of epithelial oancer was satisfita- 
torily prored in $ 166. The hair-sacs and sebaoeous glands 
were shown to behave just like all other jirotrosions of tlie epi* 
dermis into the outis ; like the sudoriparous glands, and the 
downward procesbc- of the reto Malpigfaii which oceiq>y the 
interpapillary furrows. There exists, however, a true adenoma 
of the sebaoeous and sudoriparous glands, a tumour which, in 
conunon with all adenomata, is closely related to epitbdial can* 
cer, but which differs from it, like all other adenomata, partly 
in its structure, partly by its more local and ametastatic cha* 
raeter : I refer to Lupus. 

§ 343. K my views of lupoid growth should seem to be 
more in accordance with the older tiaan with die more reeent 
observations on the sulgect, this is probably due to the great 
reluctance of recent authors to see anything peculiar in lupus, 
4Uiy departure from the common type of ii^ammatory growth. 
In reality the lupoid tubereles are so characteristic, not only in 
iheir mode of origin, but in tiietr structure also, that I readily 
pledge myself to recognise lupus, quite wi certainly as cancer, by 
microscopic analysis alone. It is true that the cells of the Ii:^id 
tubercle are, on the whole, of small sixe and sound, that they are 
closely packed, and hdd together by a mucoid eemeoi ; so that 
if it were desired to find a name fer tbe tissue of which they 
consist, that of embryonic tissue m%lit well be diosen as the 
fittest But oQ^t we on that aooouot to neglect the mani&ld 
variety of internal sbructuve, and Ae yeey «ingular mode of 
origin, of .tabis - embry o nic iiasue ? 



First, as to tttruoture. Bvury lupoid tubercle, whether it Iki 
situated in the ontis or in the subcutaneoue coBQeGtire tissne, 
presents a well-warked aoinooB aonqraaitioii. [Hns is easily 
proved by mtsmining seotions of a piece of skin infiltrated vritti 
InpuB, after it has been burdened in alcohol, steeped for mgbteeii 
hours in a stroDg solution of carmine, and finally cleared Dp witli 
appropriate agents^ among which Craada balsam is the best. In 
the smaller tubercles we dintiiiguish from two to three, in the 
larger ones — those about the size of a hemp-seed — finm seveit 
to t«n roundly-oval, tortuous bodies, everywhere studded wit)i 
roundish projections ; these bodies are bulboos at ono cud, 
tapering off at tlie otJier to converge tow«rds a oommon eentrp 
(fig. 120, a). These bodies are made up of cells of considembie 
size, whose protoplasm has rousted the carmine, and whicli 
accordingly appear white, in marked ooutrast to the remaining 
pai-endiyroa of the nodule in which they are embedded. This 
nsidnal pareiuJiyma (fig. 1^, 6) consists entirely of true em- 
PiB. 120. 



Iinpue. Vertical section, showing the passage of the healthy 
akin into that which Is most infiltrated, a. Acinous nodoles j 
b. EmbiyoDic tissne of thelupUBrnadnle; e. Altered hair- 
sacs and aebaceons glands, ra- 

bryonic tinne ; the celh are small, perfectly round, lustrous and 
readily tinlBd by caniune. Here too the vessels of the lupoid 
itodule, as described by some authors, ramify : th^ form a net- 
work round tlie bolbons ends referred to above, towards nliich 
tbfly stand in the same relation as that taken i^ 1^ tiie vesstibi 
towards Q» termiiml felUt^es of an adnous gland, thos- cofifimi- 
ing my view of the aoiuoiffi struoture of tiie lupoid nodale. 

$ 344. We have neat to aseertain tiie cause of these h%lily 
charaatanstic ^peoraneee ; the notion that dn aeanns-canipoiu- 
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tion of the nodule may be due to the degeneration of some 
pre-existing structure of the same sort — such as that of the 
sebaceous glands — suggests itself spontaneously. Now if we 
make vertical sections throuorh the advancing: border of the 
lupus, sections which include both healthy skin and that wliicb 
is completely diseased^ we see at a glance, that the sebaceous 
glands do really take a very important part in the disease. 
It has long been known that at the extreme periphery of 
the affected region they swell up and shine through the cuticle 
as white nodules. This swelling is due, partly to a proHferation 
of the glandular elements, partly to the fact, that instead of 
undergoing fatty degeneration, the cells grow large and vesi- 
cular, distending the body of the gland even to five times its 
normal bulk. The root-sheath of the hair also takes part in tliis 
degenerative change by producing, instead of the usual flattened 
epidermic cells, large vesicular corpuscles like those produced 
by the sebaceous gland. This productive activity, however, is 
not as a rule exhibited by the entire root-sheath in the same 
degree ; it is now confined to the fundus, now it involves tlie 
fundus together with one or more points above it; this verj' 
soon gives the hair-sac proper a varicose and knotty aspect. The 
hair perishes. Glands can no longer be distinguished from hair- 
sacs ; they are all exactly alike. Yet up to this point tlie con- 
dition is in no sense peculiar to lupus; since the metaplastic 
enlargement of the cells is also found in the neighbourhood of 
leprous, syphilitic, and especially epitheliomatous diseases of the 
skin. The characteristic part of the disorder is that which irame- 
diatoly ensues. 

§ 345. Lupus has been held on various grounds to be a pro- 
liferation of the corpuscular elements of the rete Malpighii 
(Bergery Dissertatio inaugur. Greifswald; and Pohly Virchoui's 
Archiv, Bd. vi.). I may be said to agree with this view in one 
sense, inasmuch as I too seek to localise the proliferation at the 
junction of the epithelial and connective-tissue layers; but J do 
not limit it to the rete Malpighii, i.e. to the boundary-line between 
connective tissue and epidermis in its stricter sense ; on tlie con-- 
trary, I regard it as concentrated in the glandular inflexions of 
the epidermis. The process begins as a luxuriant corpuscular 
proliferation in the interstitial and capsular connective tissue of 
the sebaceous and sudoriparous glands. This proliferation extends 
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to a variable distance into the surrounding parts ; its progress 
may be admirably watched in the adipose tissue which invests 
the deeper sweat-glands; little round corpuscles make their 
appearance between adjacent fat-cells, which they engirdle, before 
entirely covering and masking them from view. On the other 
hand, the cell-growth often extends deep into the subcutaneous 
connective tissue along the afferent vessels ; in the interior of 
the gland itself, the mass of newly-developed embiyonic tissue 
also exhibits a dendritic arrangement, the parent-trunk coinciding 
with the point of entrance of the afferent vessel. 

In proportion to this exuberant cell-growth at the peri- 
phery of the glandular tubes and acini, the latter themselves 
increase in bulk ; their shape is altered, they become knotty and 
bulbous, as described above ; their cavities are obliterated, and 
only their general arrangement can be traced ; the parenchyma 
l)eing grouped round a central point which corresponds to the 
efferent duct. The cells of which the degenerated acini consist, 
are not the same large, vesicular elements, which took up so much 
space during the stage of primary enlargement. Their size is 
only about double that of the embryonic cells ; they are con- 
centrically aggregated into little groups ; we notice indications, 
as it were, of a tendency towards a higher degree of epithelial 
development ; but the cells never get beyond the stage of those 
which make up the rete Malpighii. 

§ 346. It may be objected that lupoid nodules are not always 
superficial, that they are often met with deep in the subcutaneous 
connective tissue. To this objection I rejoin, that the sweat- 
glands, in particular, may even normally lie very deep, and that as 
they increase in size, they are necessarily dislocated in a down- 
ward direction, just as happens in the case of atheromatous cysts. 
Finally, I must not omit to state that the development of 
granulation-tissue, in what is known as the hypertrophic variety 
of lupus, extends far beyond the limits of the glands, and that this 
granulation-tissue is capable of being converted into mature 
connective tissue, forming indurations like those in elephantiasis. 
But the lupoid nodule proper is always an adenoma of a sebaceous 
or sudoriparous gland. 

The further destiny of the lupoid products is usually this : 
the parenchyma proper undergoes fatty degeneration while the 
intermediate granulation-tissue is converted into pus. Tlie little 

26 
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abscesses thus formed, burst, and disoharge their eontenis* 
Tumours and cicatrices follow the sama law as in leprosy and 
syphilis. 

c. Atrophy. 

§ 347. The Ming-off of the hair of the head ixx old age is 
due to a total involution of its pbce of origin, u«. of the hnr- 
sacs and the roots of the hair* The former ace dilated and 
shortened, the latter grow smaller, and either disappear or aca 
only capable of producing and nourishing a lanugo. 

Prehature baldness is invariably connected with a dis- 
ordered relation between the production of epidermic e^ fran 
the hair-sac on the one hand, and fix>m the hairnnoot on the 
other. If cells are formed in excessive numbers by the lining of 
the sac, the lateral pressure to which the hair is exposed in the 
interior of the follicle, interferes with the nutrition of the shaft^ 
and causes it to wither and become spontaneously detached firom 
its root This occurs in the ^^defiuvium oapillonim^' which is 
met with in the course of constitutional syphilis, or after acute 
diseases, such as typhus abdominalis. 

The second and far rarer case is when the productive activity 
of the root sinks below its normal standard. The hair-follicle is 
in nowise altered, but the normal degree of lateral pressore 
exerted upon the shaft by the narrowest part of the follicle (just 
below the point at which the sebaceous glands open into it) 
is too great to be overcome by the diminished upward strain 
of the growing hair. The latter is accordingly arrested at 
this point ; its cells undergo a finely-granular metamorpboaisy 
preliminary to a solution of continuity which is effected by the 
least traction upon the shaft from without (as in combing the 
liair). The remaining stump is very soft ; it becomes swollen 
and knotty, owing to the fact that the materials furnished by the 
root, though inadequate for the construction of a normal hair, 
yet form, in course of time, a shapeless corpuscular aggregate of 
considerable size. (Alopecia areata. Area Celsi,) 
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§ 348. From the mouth to the anus, there extends a system 
of membranous oanals, which, owing to their free surface heincr 
always moist, and coated with a thin layer of mucus, have re- 
ceived the name of the MucouB Systkm, The membranous walls 
of these canals are in direct continuity with the skin ; like the 

skin, they serve to shut off the organism from its environment 

the I from the not-I ; this must always be kept in view ; we must 
bear in mind, for instance, that whatever a man may have taken 
into his stomach, is still only at the gates of the organism, not 
in its interior. Not only is the skin continuous in a general 
way with the mucous tract at the oral, nasal, octdar and aural 
apertures, at the anal, urethral and vaginal orifices, but each 
individual layer of the skin may be traced into a corresponding 
layer of the mucous membrane ; the epiderfuis into the epithe- 
lium, the cutis into the mucosa proper, the subcutaneous into 
the sub-mucous tissue.* Moreover each layer retains its general 
character; the epithelium continues to serve as a protective 
covering which shuts off the organism against the world without, 
the mucosa represents the proper connective tissue of the mucous 
membrane, the submucous is a lax areolar tissue which facili- 
tates the movements of the mucosa upon the muscular coat. 
But within these limits of homology, both the structure and the 
functions of each layer are modified in accordance with the 
physiological duties of the various divisions of the mucous tract. 

First, as regards the epithelium^ At all the mucous orifices 
the homy lamina of the epidermis disappears, so that the atrial 

* The fourth layer of the mucous tract — the muscular coat — docs 
not form any part of the mucous membrane proper; it corresponds to 
the locomotive apparatus of the body in its entirety, to the osseous 
and muscular systems ; the fifth layer consists in either ease of serous 
membrane, forming on the one lumd the visceral, oa the other, the 
parietal lamina of the same serous sac 
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chambers of the mucous tract (the buccal cavit j, pharjiix and 
oesophagus, conjimctiva, vulva, preputial sac, bladder and ureters) 
are lined only by the mucous layer of the cuticle, the so-called 
laminated pavement-epithelium. This laminated pavement- 
epithelium consists, like the rete Malpighii, of a single layer of 
small, columnar cells, and a stratum of variable depth of larger 
pavement cells, which grow flatter as they approach the free 
surface, where they are finally shed. 

As regards the meaning of this diminution in thickness of 
the epithelial layer in the vestibular portions of the vegetative 
tract, there cannot be two opinions. It is the first step towards an 
increased facility of osmotic interchange between the fluids and 
gases contained in the cavity, and those contained in the blood. 
Wherever such interchange is more active, wherever absorption 
or secretion are going on, wherever it lies at the root of the 
general nutrition of the organism, the pavement cells disappear 
entirely, and the columnar cells alone remain. Thus the ali- 
mentary canal from the cardia to the anus, the respirator}' 
passages, the female generative organs from the external os 
inwards, are lined with columnar epithelium. Its cells are 
larger tiian the columnar elements of the rete ; they exhibit 
manifold varieties of external form, in accordance with the 
functional necessities of particular regions ; inasmuch, however, 
as they are planted immediately upon the connective tissue, and 
as between their bases only a few reserve cells, to replace those 
which are shed, are here and there apparent — cells which might 
certainly be demonstrated in the rete Malpighii also — I cannot 
see any objection to their being viewed as the anatomical equi- 
valent of the columnar cells of the rete, notwithstanding any 
modifications of size and form which they may present. 

Like the epithelium, the proper substance of the mucous 
membrane undergoes adaptation to the special functions of the 
individual portions of the tract In parts devoted merely to tlic 
transmission and storage of their contents — in the oesophagus, 
biliaxy and urinary passages, vagina, &c., we find an equable 
layer of tough fibrillie of connective tissue, terminating in a 
smooth and even surface imderneath the epithelium, while on 
the other side it is uninterruptedly continuous with the bundles 
of the lax submucous connective tissue. Its texture is veiy 
difierent where the tract is devoted to absorption or secretion. 
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Here the mucosa lodges the most important glandular organs, 
while its surface and its component tissues are modified in 
accordance with the functions which it has to perform : e.g. 
for purposes of absorption it is important that as wide an area as 
possible should be brought in contact with the chyme ; we find 
this requirement met by the villi with which the alimentary 
mucous membrane is beset from the duodenum downwards, each 
villus containing a lymphatic radicle in its axis ; and in order 
still more to &cilitate absorption, we find the layer of connective 
tissue which intervenes between the vessels and the epithelium, 
presenting in a very high degree the properties of lymphadenoid 
tissue, with whose structure we first became acquainted in the 
lymphatic glands. The absorbent apparatus includes moreover 
die numerous follicular (conglobate, IJenU) glands ; the solitary 
glands, the patches of Peyer^ the tonsils, and the saccular glands 
at the root of the tongue. These may be said to form the first 
stage on the road, which the matters to be absorbed by the 
lymphatic system have to traverse. Should these matters 
happen to be pathological irritants, their path is marked by 
hyperaemia, inflammation and morbid growth ; hence it is, that 
in so many of the general disorders of the entire alimentary 
tract, we find these follicular structures peculiarly involved. 

Of the secreting glands, it is only the smaller ones, the 
simple tubular glands, which are situated in the thickness of the 
mucous membrane, while those of larger size, the follicular 
mucous glands, are mainly embedded in the submucous tissue. 
Nevertheless, some mucous membranes are inordinately rich in 
glandular structures; e.g. the gastric mucous membrane has 
five-sixths of its bulk made up of gland-substance. 

About the submucous tissue there is not much to be said ; 
we shall find it a peculiarly fisivourable locality for the develop- 
ment and spread of morbid growths, when these come to bo 
discussed. 

a. Inflammation. 

1. Catavrhal If^mvuUion. — Catarrlu 

§ 349. The larger half of all the diseases to which humanity 
is liable, consists of catarrhal affections of mucous membranes. 
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or of diaofden oompUcated hy Utem. Tbe term ^^ eatarrli *' lajs 
streBB on only one, though certainly the most piomment phe- 
nomenon of the disease, se. the increased seeretion from the 
mocaiis sni^u^e. We most bear in mind, however, that the 
increased secretion can never occur without a simultaneous 
lijperssmia of the mucous membrane, and that this hjpersemia 
is the proximate cause of the increased secretion, and the more 
or lees remote cause of fiurdier trouUes, of sweliing, haemor- 
ihage, pigmentation, hypertrophy, &c., all of whidi must he 
included in any complete view of the morbid anatomy of mucous 
catarrh. 

Htfersmia. must accordingly be regarded as ihe anatomi- 
cal basis of catarrL It may either be active or pasmve. In the 
former event, it k the primary result of some antecedent irrita- 
tion ; in> the latter, it lasts for a long time before catarrhal 
inflammation is set up— it acts as a predisposing cause ; (I am 
thinking of the bronchial catarrh of heart disease, of the gastro- 
intestinal catarrh associated with portal obstruction, of the 
catarrhal aflfectionB of the rectum and bladder due to jnles). 
Whether we are justified in assuming that the catarrh is 
aeftually excited in these cases by some special exacerbation of 
the existing hyp^^semia, or even by some modification in its 
passive character, I cannot take it upon me to decide. To my 
mind, it appears more profitable to inquire how far, and in what 
localities, the normal structure of the mucous tract fovonn the 
origin or the continuance of hypersmia. And first, we must 
recollect that owing to the tenuity and permeability of the epi- 
thelial stratum, Ae access of external irritants to the irritable 
elements of the mucous membrane is for easier than in the skin ; 
mOTCOver, that there is no dastic covering, like the homy lamina 
of the cuticle, to check the turgesoence of the cajnllaries ; nay, 
the softness of the parenchyma sets no limit to their distm- 
sion. The relations in which the contractions of tiie museokr 
coat of the bowel stand towards the distribution of blood in the 
mucous coat, ar6 of peculiar interest. The small arteries and 
veins, which carry the blood to and fi*om the capillary networks 
of the gastro-intestinal mucous membrane, penetrate, as is well 
known, obliquely through the muscular coat. Here they receive 
a sheath of loose connective tissue, which, in the case of the 
arteries, is tolerably wide, so that a considerable space is left 
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between liie vessel and the mnscnlar fasciculi ; in the case of the 
veins, on the other hand, it is exceedingly slight; these are 
accordinglj liable to be compressed, whenever the muscular 
fxiat contracts. Hence every such contraction must hinder the 
efflux of blood from ihe alimentary mucous membrane; its 
vessels are congested, the congestion lasting as long as the 
contraction, and being liable to assume a more chronic character 
if the contractions are often repeated* The bearings of this 
arrangement upon the digestive process are very obvious. Tlie 
peristaltic contcactions, besides pushing on the contents of the 
bowel, help both secretion and absorption by exciting and keep- 
ing up a hypenemic state of the mucous membrane ; they aid 
secretion^ by supplying the open glands with raw material in 
greato: abundance ; they help absorption, by causing that injec- 
tion of the capillaries of the villi, which, according to Kollikei^j 
co-operates so weightily towards the filling of the axial lymphatic 
space. Meanwhile, we must remember that every physiological 
bypersemia is a gift of the Danai to the organ which is liable to 
it ; since the least derangement of the machinery converts its 
benefits into curses. So in the present case. No mucous mem- 
brane exhibits catarrhal disturbances of circulation in so intense 
a degree as that of the stomach and intestines ; for the irritant 
which affects the mucous membrane excites peristaltic contrac- 
tion quite as promptiy, and fer more powerfully, than the food. 
Dysentery and cholera afford colossal examples of the harm 
which may accrue in this way ; the intense oedema of the mucous 
membrane of the large intestine in the former disease, the 
hsemorrhages, even the diphtheritic lesions, are partly due to the 
violent tonic spasm of the muscular coat ; and if we go on to 
assume that in cholera, an excess of peristaltic activity contri- 
butes in some measure towards die copious flux from the gastro- 
intestinal sur&ce, we shall have got at a causal nexus between 
two of its most fiimiliar symptoms. But we need not go so far 
afield in search of illustrations ; the phenomenon exhibited on so 
great a scale by cholera and dysentery, is repeated on a small 
one in every catarrh, however trifling. We shall come across it 
again when we discuss the pathology of haemorrhage from 
mucous surfaces, and that of gastric ulcer (perforating ulcer of 
the stomach). 

It is only the vesical and uterine mucous membranes which 
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are subject to similar conditions. Menstruatiou is associaled 
with clonic contractions of the muscular coat of the uterus. 

Some mucous membranes, however, are not well adapted fi>r 
the occurrence of hypersemia. The more abundantly a mucous 
membrane is provided with elastic fibres, the more does it resist 
distension by congestion and oedema; indeed the tendency of 
the membrane to return to its normal volume, increases in pro- 
[>ortion to the stretching which it undergoes ; this is a necessazy 
result of its elasticity. Many of the phenomena exhibited by 
the respiratory mucous membrane, which is peculiarly rich in 
elastic fibres, must be ascribed to this cause. Sudden and great 
swelling only occurs in parts furnished with a veiy lax sub* 
mucous areolar tissue, in the folds about the laryngeal orifice, 
particularly the ary-epiglottidean ligaments, and certain portions 
of the mucous lining of the nasal cavities. The sweUing in such 
cases however, is not situated in the mucosa ; it is due to oedema 
of the submucous connective tissue. It disappears very rapidly 
as soon as the elastic reaction of the stretched membrane pre- 
vails over the tension of the dropsical efiusion kept up by the 
blood-pressure ; especially after death, when it is often quite 
impossible to demonstrate the existence of an cedema, which 
manifested itself most unequivocally during life, and which may 
even have been the cause of death (oedema glottidLs). 

§ 350. It is obvious that the swelling of the catarrhal 
mucous membrane, the second anatomical element in this 
variety of inflammation, depends, at least in some degree, upon 
the hyperaamia ; Le. so far as it is due to over-distension of the 
vessels, and the abundant saturation of the mucous membrane 
with sermn. The latter element is very prominent in all forms 
of catarrh due to passive congestion ; it is recognised by the 
bacony lustre of the swollen membrane, and by the flow of dear 
serum firom its cut surface. The swelling is much greater when 
the submucous tissue also is involved ; this is most conmion in 
the caecum. 

For the pathological liistologist, these passive forms of swell- 
ing are less interesting than the active varieties; Le. the enlarge- 
ments of the LYMPHATIC FOLLICLES due to corpuscular prolifera- 
tion in their interior. Owing doubtless to the intimate connexion 
of these glands with the process of absorption, we find catarrh of 
a mucous surface almost always associated with a more or less 
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extensive implication of those lymphatic structures which are 
traversed by the lymph retm*ning from the affected membrane. 
The first to become involved are the follicles embedded in the 
substance of the mucous membrane ; the lymphatic glands proper, 
which lie outside the mucous tract, come next, and that in the 
following order : in catarrh of the nasal, pharyngeal and buccal 
cavities, the glands of the neck ; in catarrh of the respiratory 
tract, the glands about the root of the lungs and the bifurcation 
of the trachea ; in catarrh of the digestive tract, the mesenteric 
glands ; in catairh of the genito-urinary apparatus, the retro- 
|)eritoneal and inguinal groups of glands. 

As regards the process itself, it is essentially a form of acute 
suppurative lymphadenitis, described at length in § 200 et seqq. 
Its simplest and least complicated manifestation is the follicular 
suppuration of tlie gastro^inteatinal mucous niembi'ane. The violent 
catarrhal disorders of the intestine, which occur during the 
height of summer, occasionally exhibit all stages of the process 
at once ; its beginnings may also be studied as intercurrent or 
2)rodromal phenomena in tuberculosis, enteric fever, Asiatic 
cholera, and dysentery. The swelling usually begins with a 
marked congestion of the perifollicular blood-vessels ; tlie 
general hypersemia seems to concentrate itself round the follicles ; 
this hypersemia may be partly collateral, due to the impeded 
access of blood to the follicle itself. The solitary gland presents 
itself as a dull-grey, pearly nodule, as largo as a pin^s head, sur- 
rounded by a vascular ring. A Peyer^s patch in this condition 
is a most beautiful object ; the hyperasmic areolae of its con- 
stituent follicles being in contact with one another. When sup- 
2)uration occurs, the follicle swells to the size of a small pea ; its 
site is indicated by a yellowish, fluctuating point, over which the 
outer layer of the mucosa is moderately stretched. If tlie pus is 
let out, the roof of the cavity falls in, and a slight hollow is left. 
A stream of water distends the cavity once more, and enables us 
to appreciate its striking dimensions. These can only be ac- 
counted for by assuming that the perifollicular connective tissue 
has become involved in the suppurative process. For, so long 
as the pus remains enclosed in the parenchyma of the mucous 
membrane, it exerts — if I may be allowed the comparison — a 
catalytic action upon the connective tissue which immediately 
surrounds it. Hence we not unfrequently find the contiguous 
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fbllicular abscesses of a Peyer^s patch eommnnicating with each 
other by fistulons passages under the macoos membrane; the 
latter may bo midermined in this way to a considerable dis- 
tance. The roof ultimately dies ; it becomes detached at its edges, 
and the loss of substance resulting from ihe ulceration, mani- 
fests itself as a sharply circumscribed| round or roundish nicer. 
Cicatrisation usually follows without any difficulty ; yet I myself 
hare seen a perforation of the bowel just above the ilecx^Bcal 
valre. 

Follicular swelling and ulceration of the atomach, neoessarily 
presuppose the existence of follicles in the gastric mucous mem- 
brane. Now it is well known that in some stomachs not a single 
follicle can be discovered. As regards the stomach, we might 
perhaps be justified in speculating whether a special derelopment 
of follicles ad hoc might not occur, somewhat after the fashion 
in which Henle assumes the ^'conglobate" glands to originate. 
The formative irritation to whicli the connective tissue of the 
entire mucous membrane is subjected, becomes as it were con- 
centrated in a series of foci, just as a cutaneous exanthem is 
limited to a certain, though often very large, number of definite 
centres. About the law which regulates this distribution we 
know nothing. Characteristic of this affection, when it occar^ 
in the stomach, is the circumstance that all the follicles are in- 
variably found in the same stage of transformation, whether as 
grey pearly nodules, as abscesses, or as ulcers. 

§ 351. The analogous conditions of the tonsils are some- 
what more complex. The hemispherical surface of these organs 
presents, as we know, a certain number of pouch-like depres- 
sions. These depressions are lined by the pavement-epithelimn 
of the oral cavity; little papill®, like the lingual papillae in 
miniature, are often found growing in the neck of the ponches. 
Around them, embedded in the mucous parenchyma, lie the 
lymphatic follicles. Hiey are separated from the surface hj a 
thin layer of connective tissue, and are not therefore in contact 
with it (as in the sheep, Frey). Now in catarrh of the phaTynx 
with angina tonsillaris, an increased production of epitheliam 
takes place not only on the tongue (furred tongue), but on tbe 
iuner surface of these depressions also. A quantity of pavement- 
epithelium consequently accumulates in their interior ; a white^ 
greasy mass, not unlike the vemix comom of the foetus, forms a 
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laxgish plug, which projects from the mouth of the pouch, but 
does not, however, escape from it ; this alone oontribntes in no 
small degree to the enlargement of the entire tonsil. Add ta 
th» the inflammation and suppuration in the follicles. One 
after another (for ihej do not all appear to be affected at once) 
they swell and soften. The contiguous abscesses run together 
here and there, tmtil at last (supposing the natural order of 
events not to be forestalled bj interference with the knife or 
caustics), the entire tonsil is excavated bj a sinuous abscess, 
which is converted, when the pus escapes, into a sinuous fistula* 
This usually occurs at several points at once. Thereupon the 
gland suddenly collapses; always supposing that the follicular 
abscesses have previously become confluent. In the contrary 
event, those follicles which have not yet burst, together with 
those which have entirely escaped the disease, undergo na 
further change, and represent what is left of a tonsil. The 
fistulous sinus, as a rule, is speedily filled up by cicatricial tissue, 
without the occurrence of any dangerous complication. Should 
the healing process be delayed, should the base of the ulcer 
assume a gangrenous and putrid character, the proximity of the 
internal carotid becomes a source of danger ; intractable haamor* 
liiage may result, when the vessel is laid bare by suppuration 
and then perforated. {Haemorrhagia per diabronn.) 

§ 352. The changes which the SECBxnoss of the mucous 
membrane xmdergo, under the influence of catarrhal inflamma- 
tion, are so striking, and afford such weighty indications for 
clinical diagnosis, that catarrhal disorders have been summarily 
defined by more than one author, as anomalies of secretion. 
This is an error, inasmuch as the morbid state of the secretions 
is not the cause, but the consequence of the catarrh. It would 
be quite as incorrect to see nothing in a catarrh beyond a quan- 
titative increase of the normal secretion. One secretion may 
differ Scorn another, and this difference is very manifest in the 
present case. Those secretions of the mucous tract which are 
most important physiologically, the gastric and intestinal juices,, 
are not by any means more abundantly secreted by the catarrhal 
than by the healtiiy mucous membrane; on the contrary, a 
dimimttion in the amount of these secretions may be expected 
as an invariable functional concomitant of catarrhal inflamma- 
tion. This statement does not apply in the same degree to the 
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ordinary mucus, of minor physiological importanoCi with whidi 
the mucous membrane, even in its normal state, is coated. 
We are familiar with '^ mucous catarrhs '' in which mucus is 
secreted in excessive quantity. They chiefly affect such parts 
of the tract as are distinguished by their wealth in muciparous 
glands, e.g, tlie pharynx, air-passages, stomach and large 
intestine. We know, however, that the faculty of producing 
mucous is not peculiar to the acinous glands ; but that mucous 
metamorphosis of the protoplasm is to the epithelial cells of 
mucous membranes, what homy transformation is to the cor- 
puscular elements of the epidermis (cf. § 40) ; hence we are not 
surprised to find mucous catarrh, and mucoid elements in the 
catarrhal secretions, of mucous membranes which, like that of 
the bladder, are destitute of glands. 

An over-production of '^corpuscular'* elements upon a 
mucous sur&ce, presupposes a degree of irritation more intense 
than that which gives rise to the simple mucous variety of 
catarrh. Here we must distinguish between sfithelial and 
ruRULENT catarrh, according as epithelial cells or pus-corpusdes 
predominate in the secretion. I say predominate ; since both 
are usually present together. A catarrh exclusively epithelial 
may be seen on the mucous lining of the tongue, the '^ fur '* 
being nothing more than an exuberant desquamation of pave- 
ment epithelia, such as are proper to this region of the mucous 
tract With regard to the origin and secretion of these cells, I 
refer the reader to the details given in § 83. There is no 
reason to suppose that the epithelial cells which are produced in 
excessive amount, originate according to other than the usual 
laws ; from this point of view therefore, epithelial catarrh may 
be regarded as a simply hyperplastic process. 

But what are we to say when we find pus-corpuscles in the 
catarrhal secretion, when the catarrh is purulent? Are the pus- 
cells also to be regarded as products of the subepithelial con- 
nective tissue ? Against this view, which was formerly generally 
received, it may be urged, that it is always possible, either by 
scraping, or in vertical sections, to demonstrate an epithelium 
which differs little, if at all, from the normal type, in mucous 
membranes which are in a state of well-marked purulent 
catarrh. Becent researches indeed, in which Bemak, Buhlj and 
myself have taken part, point to the conclusion that pus may be 
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produced on maoons membranes by endogenous proliferation of 
the 8ur&ee epithelia. I hare already described this mode of 
origin in § 68. As regards the exact point where it is produced, 
oar only gaide is the arrangement of the brood-cells, as seen 
in vertical sections. Fig. 121 represents very accurately the 
mutual relation of parts as seen in the ocular conjmicUva. The 
mother-cells appear in ntu, in the outermost layer of the epithe- 
lial stratum ; below and on each side of them are epithelium- 
cells, some normal, others which have already entered upon 
morbid change ; towards the free surface we note the liberation 
of pus-corpuBcles, and the catarrhal secretion. 

This does not prove that all the pus-corpuscles contained in 
the catarrhal flux, or that the pus-corpuscles in all cases of 



catarrh, originate in this wise. On the contrary, if we reflect 
that all young cells have the power of spontaneous locomotion, 
and that the strong current of transuding fluid may help, but 
cannot hinder them in their migration, we cannot beheve it 
otherwise than possible, nay, even highly probable, that the 
elements of the subepithelial embryonic tissue, to which allusion 
lias been already made, penetrate ontwarc* between the epithe- 
lial ceUs, and so come to be set free. 

§ 353. Mucus and cells are products of the mucous mem- 
brane ; they represent the increased amount of pabulum which 
has been supplied to it, after it has undergone a certain ehibora- 
tion into secondary products. The case is different in many 
catarrhal disorders of the gastro-istestinal tract The stools of 
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ordinaiy diarrluBa are doe to a '' serous " traDsadation ialo dw 
-small intestine. The flenun of the blood, witii ks albmiMa aid 
isalts^ has passed direotly from the vessds of the villi to the m- 
faee; it has been finroed ao rapidly down ihe bowel by Tiole&t 
peristakae movenMnis, that the absorption in the laige inlestme 
lias not been able to keep pace with it. Choleraic catarrh dUEBis 
from ofdinaiy diarrhcsa, partly by the absence of albameii from 
the tanmsnded fluid (in cholera this ccmsists entirely <^witer and 
sodium ddmride, Schmidt) ; partly by the implication of Ae 
whole tract from the cardia to the anus ; finally by the volame 
of the transuded fluid, and the rapidity with which it accnmu- 
latesL This rapidity is occasionally so great^ that the epithdiiim 
of the small bowd, together witfi the epithelial lining of tlie 
follicles of Lieberkuhnj is stripped off and swept away in shreds 
of variable size (rice-water evacuations). On one sorfiioe of 
these shreds, we see the long epithelial casts of the villi project- 
ing like the fingers of a glove ; the opposite surface exhibits the 
shorter and more globular outlines of the crypts of lAAerkuhn. 
The intestinal mucous membrane is left as if '< flayed/' and is 
•exposed without protection to the hostile action of its contents ; 
a circumstance which must not be forgotten in endeavouring to 
account for the patches of superficial gangrene^ which the bowel 
usually exhibits in the second stage of cholera. 

The ^^ haemorrhage '* form of catarrh differs firom the 
^^ serous '' flux in the fact that the blood itself, and not merely 
some of its constituents, appears on the surface of the mncoos 
membrane. It is usually extravasated at the most prominent 
2)(Mni9 ; in the stomach, on the little bridges of connective tisnie 
whidi surround the or^oes of the glands ; in the small intestine^ 
at the tips of the villi, and especially of those villi whidi beset 
the borders of the folds ot Kerkrmg; in the ileum and colon, tbe 
parts surrounding the follicular glands are chosen ; in the foko 
moreover, the plicm mgmoideoB, The process itself consists in 
Avhat is known as ^^ diapedesis.'' The blood forces its way <» 
minute quantities through correspondingly minute rents in tbe 
flexures of the capillary loops, first into the parenchymatoa^ 
eonneetive tissiie, md then on io the free surfisioe. Stoold the 
bleeding be anreeted, some of the extruded blood-corpnsoltf ^ 
retained in the parenchyma, where they are converted vo^o ^ 
brown or Uack pigment Accordingly the mucous mdinltf''^ 
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comes to eaEUbit ihrcHi^oiit, a brown, yellow, grey, or even 
black hue; the distribaiion of tbe pigmeiit following the law 
which has just been set forth ; it is only ia rare and very severe 
cases that it is more nnifbrmly distriboted, so that the stomach, 
for instanoe, looks as if it had beea flooded with ink. 

§ 354. A series of peeoliar phemMnena is due to the possi- 
bilify of serous transudation firom mneous membranes lined with 
laminated pavement-epitheliam. The outermost, oompoet layer 
of cells, resists the passage of the serum for a time; it is 
stripped firom its bed, and so forms vesicles or bolke. Accord- 
ingly, in catarrhal affections of the bnccal cavity, we not nnfre- 
quently see the mncons membrane of the lips, gnms, tongue and 
cheeks studded with transparent, watery Uebs, some as large as 
a pea, while the majority are no bigger than a millet-seed ; in 
about twenty-four hours' time they burst and discharge their 
serous contents. Here the matter may «ad ; or the raised por- 
tion of epithelium may become altogether detached, leaving a 
small, circular defect, an exccHriation, beliind. The denuded 
patch of mucous membrane proceeds to secrete pus ; its epithdial 
border becomes sodden, and appears to the naked eye as a sharp, 
white mar^n ; the entire patch is surrounded by a hyperasmic 
areola, and the circumscribed purulent catarrh lasts until the 
cessation of the general catarrhal state. These ^^ ulcers " may 
increase considerably in size; the greater part of the buccal 
sur&ce may thus come to be quite raw, while the smaller part 
continues normal (scurvy, putrid stomatitis). 

Analogous conditions are met with in all the atrial chambers 
of the mucous tract (see § MS). We are most familiar with 
those about the os uteri externum and the glans penis. 

§ 355. Complete and incomplete degeneration^ cJironic eatarrli^ 
wvd hyperplastic amdititms of iJie mueoue membranes. What has 
been said above concerning catarrhal inflammation, refSera to its 
acute variety, which runs a definite course. After this is com- 
pleted, the mucous membrane may return entirely to its noimal 
state. In this connexion, the behaviour of the parenchymatous 
connective tissue of the mucous membrane is most important. 
We have already seen (§ 352) how actively the subepithelial 
connective tissue takes part in the catarrhal process. The fleshy 
thickening of the catarrhal mucous membrane was due, in no 
small measure, to an infiltration of the snbepitlielial connective 
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tissue with corpuscular elements (fig. 121, b). All these cells 
must be removed before the mucous membrane can be said to 
have returned entirely to its normal state. Some of them 
undergo fatty degeneration; others may be taken up by the 
lymphatics. But weeks may elapse before this is effected ; and 
during the inter^-al, the mucous membrane offers a diminished 
capacity of resistance to fresh sources of irritation. For tlie 
irritability of an organ is proportional to the number of element:^ 
susceptible of irritation, which it contains. This is not always 
sufficiently remembered either by the physician or his patient. 
The latter is in much the same position as a person whose 
mucous membranes are predisposed to catarrhal inflammation 
by a passive hypenemia. There is always a risk lest the catarrh 
should return on the slightest provocation, and that in exactly 
the same part which it has apparently forsaken. The relapse is 
usually more obstinate than the primary disease; the vulner- 
ability of the mucous membrane, and the consequent risk of a 
fresh relapse, increases and lasts for a longer time afler everj- 
recurrence of the inflammation. Every relapse adds to the 
number of cells in the connective tissue of the mucosa; the 
epithelium too, and the glandular apparatus, come gradually to 
take part in the chronic thickening; the mucous membrane 
becomes hypertrophied. Hypertrophy, viewed in this light, is 
therefore a result of catarrh; it may also be regarded as a 
structural cause which predisposes to catarrh, inasmuch as the 
phenomena which, when taken together, constitute catarrh — ftc. 
hyperasmia, swelling, hyper-secretion — ^have already reached a 
certain pitch, at which they have become stationary ; so that a 
very trifling provocation suffices to raise them to the level of 
catarrhal inflammation. (Chronic catarrh.) 

§ 356. Let us now consider the anatomical factors of 

HYPBRTROPHY OF THE MUCOUS MEMBRANES onC by OUC. 

a. The overgrowth of the connective tissue is particularly 
striking where (as in the gastric mucous membrane) its amount 
is normally insignificant, where it is a mere cement, holding the 
closely -packed tubular glands together. The narrow septa 
between the glandular orifices, as the most superficial locality of 
this cement, are often the theatre of a very luxuriant overgrowth 
of young connective tissue; they form villous and lamellar 
elevations, to a height of one line above the mucous surface, 
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when they may be recognised even with the naked eye. 
The overgrowth of the connective tissue however — both in its 
microscopical and naked-eye effects — is thrown very much into 
tlie background by the overgrowth of the glands ; one is prone 
to forget that the connective tissue which invests the enlarged 
glands, which forms the pedicle of a polypus, &c., is itself, in the 
main, a new formation. 

h. The EPITHELIAL LININQ of the hypertrophied mucous 
membrane is quite as continuous as in the healthy state. Hence 
wo may assume that it increases in a horizontal plane, so as to 
keep pace with the increased area of the mucous membrane 
itself. It appears, moreover, to adhere more firmly than usual 
to the connective tissue ; for without showing the least breach in 
its continuity — ^without e.g. the loss of a single columnar cell 
from the respiratory mucous membrane — it allows the passage, 
not only of considerable quantities of transuded fluid, but also of 
great numbers of young cells, which migrate from the deeper 
parts to the surface, where they mingle with the secretion as pus 
and mucus-corpuscles. 

c. The increase in bulk of the open glands is usually re- 
garded as a functional hypertrophy. Just as the bulk of a 
muscle increases by exercise, so are the glands supposed to grow 
in consequence of continued over-secretion. In opposition to 
this view, I would lay more stress upon the retention of secreted 
matters, and the passive distension of the glands which ensues. 
The overgrowth of the subepithelial layer of connective tissue 
may very plausibly be regarded as a mechanical obstacle to the 
escape of the secretions. It may compress, narrow, dislocate, 
occlude the efferent duct, while the body of the gland, especially 
when situated in the submucous connective tissue, underneath 
the mucous membrane, may increase in size unchecked. I must 
not be understood to reduce the glandular hjrpertrophy to simple 
dilatation. In the majority of hypertrophied glands we can 
readily see an elongation or twisting of the tubuli, an increase 
in the number of acini, as well as a luxuriant cell-growth both 
within and around the glands. But none the less do I mark, 
that the tubes and acini of the hypertrophied glands are in- 
variably wider, and contain a larger accumulation of secreted 
matter than they ought to do ; and I look for the stunulus which 
causes the morbid growth, in a centrifugal pressure of the 

27 
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seeietianS) wUeh are perhaps unaUe to eaeape witli due rapiditj^ 
owing to the nanowing of the effeoent dact| but whu^, in any 
caBBy do not escape &8t enough. 

§ 357. Erom this point of view we can readily see how^ 
under ooiain dromnstances^ the dilatation may pr^p<»iderate 
over the hypertrophy, and how it is that we so oAen find CYB!roii> 
DEGENERATION associated with glandular hyperizophy^ in muooua 
momfaranes affeeted by chronic catarrhal inflammation. Tho 
two eDnditions complioate one another in various ways, giving 
rise to a series of ooanser alterations of the mucous sor&oe, which 
we may now briefly ooneider. 

Whai is known as the etat kakslonne of the gastric 
mueeus memhrane, is doe to the fiust that the muccms membrane, 
whose gkndnlar layer is hypertrophied, comes to be too large 
for the area of its bed, and is therefore thrown into folds with 
intervaniag hollows. This plicaii(m of tlie mucous membrane is 
to soflie ertent — as in the pyloric region — ^physiological ; henoe 
the ^' kiak' mamelonn^ " is at first only a quantitative OKcesa. 
It is only with the aid of Uie microscope, that we can draw the 
line faebraen quantitative and qualitative deviations from the 
normal standard. The dilatation of the hypertrophied tubes, 
which i«™»Uy raiy striking, scire* as a reliable oritarian of 
the norfaid nature of the alteration. Higher degrees of the 
"6tnt mameknn^" pass directly into foltfosib ventbicull 
We commonly find a nsmber of transitional fonns side by side 
m ihe saoM stomach. The folds are subdivided into smaller 
areas by fiurows which cross them at right angles; these are 
boBi seen at some distance from the pylorus, about the middle 
of the etomaoh; the overgrowth of the glandular layw pro- 
giX M PCS steadily within these areas. A flai^ened, roundish 
tnberde soon prqjeets above the suriace. The higher it grows, 
the more disproportionate is the enlargement of its firee ex- 
tremity ; it becomes fimgoid and is finally converted iaio a 
polypus, with a globular head rather larger than a pea, and a 
very thin stalk. We occasionally find as many as thirty such 
polypi upon the mucous membrane of the stomach, with which 
moreover they vividly contrast by their dark-red hue; from 
&ur to six of them are ofi;en seated on a common base ; iMsxi to 
eancorotts producis, they cause the greatest and most striking 
alterations in form, to which the gastric mucous membrane i& 
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liRblo. In their intmor we find, besides the dilated tubali, trne 
eysis scattered here and there ; these are filled with a watery 
fluid car with mneos. The intertabnlar connective tisane, to- 
geAer with the walls of the tubes themselves, forms septa 
which take np as mndi space in proportion to the degenerated 
tsbes^ as the septa of an inflated Inng in proportion to the 
alveohr cavities. It was characterised moreover, at least in the 
ones which I examined, by containing a large number of 
pecoEar, roimdlj-oval, very Instrons bodies, hardlj affected hy 
reagents, whose histolo^cal significance I have not yet been able 
to determine. 

§ 358. The ^^ €tat mamekmn^ " of the stomach leads on the 
one hand to *^ gelatinous ^' or ^^ ejBtoid ^ degeneration of the 
sraeous membrane, on the other, to the formation of mucous 
petyjn. Gelatinous degeneration, which has hitherto been ob- 
served onlj in the mucous membrane of the alimentary canal, 
eomee about as follows : the crypts of lAAerhuhn are distended 
with mucus, and converted into retention-oyBts as big as a 
millet-seed; this change is limited to a circumscribed patch, 
which may, according to FuvAoto, attain the size of half-a- 
crown. The septa between adjoining cysts become atrophied ; 
the cysts coalesce to form larger cavities; until at last the 
affected part comes to be mainly made up of mucus, the patch 
assuming a jelly-like colour and consistency. In mucous mem- 
branes which are more scantily provided with open glands, as e.g. 
m the cervix uteri and external os, the affection does not proceed 
BO fiwr as to cause gelatinous degeneration ; the distended glands 
tend rather to project singly above the mucous surface, forming 
veocular elevations, or even pendulous cysts (the so-called ovtda 
Ncbotld) ; these, in conjunction with the hypertrophied mucosa, 
whidi pours out an abundant secretion and is permeated by 
dilated vessels, constitute the sum-total of structural changes to 
which the term ^* chronic catarrh '* or '^ chronic metritis " is 
applied. 

§ 359. MtTCOUS POLTPi, in the strict sense of the term, are 
jelly-like tumours, permeated by thin-walled capillaries which 
give them a reddish hue, and attached to a mucous surface by a 
more or less distinct pedicle. In outward form they are either 
smooth and rounded, or lobulated and fissured. When cut into, 
the surface of section resembles their external surface in colour 
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and consistency ; it exhibits in addition, fibrous bands of a milk- 
"^'liite colour, radiating from the root of the polypus to its 
periphery, as well as mucous cysts of considerable size, which 
feel hard and elastic before they are cut open. Microscopic 
examination shows, first, a continuous layer of columnar epithe* 
Hum investing the outer surface of the polypus. The main bulk 
of the tumour is made up of hypertrophied glands ; we find 
tubes whose walls frequently bulge outwards to a variable depth, 
and which terminate in clusters of fully -developed gland-follicles. 
The tubes are lined with well-formed columnar epithelium ; and 
filled with concentrically laminated masses of viscid mucus. 
Besides the mucous glands, we find a certain amount of soft 
connective tissue, rich in cells, which is dense and fibrous only 
in the pedicle and the bands which radiate from it Tlie pedicle 
is chiefly made up of the afferent and efferent vessels ; no nerves 
have hitherto been found in it We may accordingly take it for 
gi'anted that mucous polypi originate in a circumscribed hyper- 
trophy of the mucous membrane, which mainly involves its 
glandular elements. The mucous lining of the nasal fossae is 
Uieir favourite seat ; next comes the mucous membrane of the 
uterus. More rarely tliey spring from the small and great 
intestines, the larynx and respiratory passages, the female 
urctlu'a, the external meatus, the sinuses of the upper jaw and 
frontal bone. 

§ 360. Chronic catarrh exerts a very singular influence upon 
the DUCTLESS GLANDS of the mucous membrane ; and this in- 
fluence is closely connected with the chronicity of the disease. 
It is only in the tonsils that a true hypertrophy, strictly 
analogous to the simple hypertrophic alterations considered 
above, is caused by repeated acute congestion of the pharyngeal 
mucous membrane. It consists in an equable and uniform 
overgrowth of all the histological elements of the follicles ; of 
the reticulum, the vessels, the lymph-paths and the cells. The 
individual follicles may become from three to five times larger 
than normal. The size and shape of the entire tonsil undergo a 
corresponding alteration. It forms a globular and often pedun- 
culated tumour, which may project so far into the pharynx as 
even to interfere with the breathing. Its surface is smooth ; 
even those depressions are efiaced which correspond to the 
orifices of the little crypts round which the follicles are grouped. 
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These orifices are generally round and open ; they are now 
stopped up and distorted by the swelling. 

§ 361. Similar conditions are never met with in the otiier 
follicular glands of the alimentary tract On the other hand we 
sometimes find, in persons who are especially predisposed, a 
veiy singular and important phenomenon: organic inflamma- 
tions in general, but particularly catarrhal affections of the 
mucous membranes, causing an enlargement of those lymphatic 
glands which are nearest the seat of mischief, an enlargement 
differing from that " acute swelling " which I have already 
described, by its gradual progress and ite obstinacy, and differ- 
ing from true hypertrophy, by the exclusive proliferation of the 
corpuscular elements, and the consequent disorganisation of the 
entire gland ; distinguished moreover from both alike, by the 
enormous size to which the gland may attain. I refer to 
the scrofuloas or cheesy degeneration described in § 203 et seqq.y 
which, when restricted to the mesenteric glands, gives rise to the 
symptomatic aggregate known as Tabes mesenterica. Some- 
times indeed, it occurs in the solitary and agminated follicles of 
the intestine; but these are so intimately connected witli " tuber- 
culous " degeneration of the intestinal mucous membrane, and so 
constantly associated with it, that it would be inconvenient to 
treat of tiiem apart. {See Tuberculosis of mucous membranes.) 

2. Croupous Inflammation (Inflammatio pseudo^membranacea), 

§ 362. Croupous inflammation of a mucous membrane differs 
from catarrhal inflammation in one essential particular only. 
The hypersemia and swelling may be more intense ; but it is 
only in the inflammatory products, that we can discover any 
qualitatwe difference. These products exhibit the naked-eye 
chai*acters of a coagulated albuminous substance; they take 
tlieir name of "fibrin," or "fibrinous exudation," from the 
chief representative of spontaneously coagulable substances. 
The material in question is yellowish-white, tough and elastic ; 
when stretched, it is not drawn out into threads, but gives way 
suddenly and is torn across. On the addition of acetic acid, 
it clears up and swells like fibrin ; its reaction therefore is 
precisely the opposite of that of mucus, which is rendered 
opaque and ropy by acetic acid. Morphologically too, the 



422 MUCOUS MEMBBAKEA. 

impression conveyed is that of a subataaoe exuded upon the 
mncona surface, and coagulated at onoe by 4X«itaot widi the 
air. For the material in question fiimifilies a characteristie 
menduranous investment for the moooua minnbraiie (^'fiJae 
membrane ") wliich adheres to the sur&ce as closely as gypsum 
to a mould. The under surface of the fiilse menibEane presoiis 
an accurate impression of every irregularity of the mucoua 
sur&ce ; ^ould the entire circumference of ihe mucous tube 
have been involved, the &lse membrane fanns a tubular cast ; 
should the canal have been of small calibre, the cast is solid and 
cylindrical ; should the disease have been circumscribed, it £3rma 
a rounded plaque. In thickness, the fisdse mfflnbrane varies 
from a mere bloom-like efflorescence to a rind a line in depth ; 
it sometimes presents a reddish mottling, due to minute extrava- 
sations occurring simultaneously with the exudation. 

§ .363. All the remaining properties of the false memlniane, 
particularly tlie histological qualify of the seeming fibrin, and 
the firmness with wliich the membrane adheres to the mucous 
surfibce, vary with its place of origin, and find their explanation 
in the normal structure of the afiected part Of all the mucous 
membranes of the body, none is more liable to croc^us inflam- 
mation than that of the larynx; next in order of freqaemey 
come the tracheal and pharyngeal mucous membranes, whose 
liability is nearly on a par, so that we find laryngeal croup com- 
])licated, now with croup of the air-passages, now with that of 
the pharynx; enabling us to distinguish between a laiyngo- 
tradbeal and a pharyngo-laryngeal variety. At the bednude the 
former is termed ^^ croup" (Braune) par exedlence; the latter, 
most erroneously, ^Miphtheria" (dij^theritis, Bachenbraone, 
pharyngeal croup). The physician has everj reason to keep the 
two varieties apart. In their dinical characters, in the dangns 
to which they expose the patient^s life, and above all as regards 
their treatment, tiiey difier so essentially, that in spite of their 
anatomical identity, on which it is my business to insist, I shoidd 
feel bound to oppose any attempt towards a clinical fusion of 
the two diseases. 

§ 364. We will b^in by discussing phabtkgeal cbouf, 
commonly called diphtheria. The morbid process is ahrays 
insular. At various points of the isthmus fimcium, soft pdaAe, 
and uvula, of the tonsillar suriace, palatine arches, and g^i 
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epiglottidean folds — ^we notice circnmscribed spots of a milk- 
white colour, on an intensely hjperfl&mic base. The white spot 
soon rises to a height of half a line at most above the level of 
the mucous sorfeoe, and the fidse menlxraiie is oomplete. Ob 
attempting to pick it off with a blunt instrnment, we find this te 
be impracticable dnring its earlier stage ; if we use violenee, we 
lacerate the smr&ce and cause bleeding. At a later period, 
the membrane separates of its own accord ; its edges are first of 
all loosened by a moderate degree of sappnration, and ibe 
entire patch is then liberated from its base. The circomacaribed 
catarrh which persists for a time upon the denuded base (often 
erroneously called an "ulcer"), ceases spontaneously; if not 
meddled with, it leaves neither loss of substance nor scar. A 
secondary extension of the false membranes is very rare ; they 
are never known to recur on the same patch, unless previously 
stripped off before their spontaneous maturation. 

§ 365. These striking and important peculiarities are satis- 
factorily explained by microscopical examination. We learn 
from this, to our astonishment, that the false membranes do not 
consist of fibrin. If little shreds of a false membrane are 
soaked in a weak ammoniacal solution of carmine, then washed 
and teazed out with needles, we may readily assure ourselves 
that the naked-eye appearance of coagulated fibrin is produced 
by cells, and nothing but cells, which have undergone a peculiar 
degeneration of their protoplasm, and an equally peculiar fusion 
with one another. But for the reddish dots which indicate the 
nuclei, we might fairly doubt the corpuscular nature of these 
angular, lustrous, firmly united flakes. As it is, however, we 
must consent to the hypothesis of some metsmorphosis of the 
corpuscular elements, concerning whose place in general padio- 
logy we can at present only guess. The external appearances 
may be aptly rendered by the term " glassy swelling," employed 
by Wieber to denote amyloid infiltration. It seems certain diat 
the cells contain more solid matter than do normal cells ; now if 
this excess of solid matter were fibxin, we might speak of a 
*' fibrinous degeneration " ; inasmuch, however, as we are qnite 
ignorant of its nature, the term '^fibrinous degeneration*' can 
only be applied to the naked-eye appearances ; even with tliis 
limitation, it wonld involve a taeit assumption which it is better, 
in my opinion, to avoid. 
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Let us now esamiiie a vertical section, in order to arrive at 
some idea concerning the structure and origin of the false 
membrane. The section (fig. 122) embraces the entire thickness 
of a false membrane, together with the mucous surface on which 
it lies.' 

We see at a glance that the entire false membrane is really 
made up of the elements described above. Originally spherical, 
they have come into contact with one another at various points 
and have become welded together into a plump network, con- 
sisting, in a manner, of " connecting pieces" only, without any 

Fio. 122. 



False membrane; c. Normal mncoos membnme. ^. 

trabeculse. All the more elaborate is the system of cresoentic 
and branching fissures which permeate the false membrane, 
taking the place of meshes. In certain lights they appear dark. 



• Deceptive appearances can only be avoided by making the sections 
exceediugly thin and abeolntelj vertical. The follovring is the best 
method of preparation. The sppcimen is immersed in a miztnro of 
glycerine and gnm^rabic, which moat be clear and viscid. After the 
fluid has had time thoroaghlj to permeate the specimen, the latter most 
be taken out and thrown into alcohol. The gum now becomes quite 
hard, owing to the extraction of the glycorine ; and the specimen is 
quite readj for being cut into sections of any required thinness. On 
soaking the sections in a watery fluid (say the carmine solntion) Ibo 
gum is diiBoIved ont, and the tissne alone is left. 
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and so might readily be mistaken for the positive part of the 
stracture; the possibility of error can only be excluded by 
staining the preparation with carmine. The cells are of variable 
size ; dieir dimensions increase as they approach the surface ; at 
the extreme periphery of the membrane they are nearly twice as 
large as lymph-corpuscles ; farther inwards they become smaller, 
the smallest ones lying immediately upon the mucous surface ; 
here too, the degeneration is less marked ; they can hardly be 
distinguished from the normal cells which are still embedded in 
the parenchyma of the mucous membrane. This gradual transi- 
tion naturally masks the boundary-line between the surface and 
the false membrane, though it never quite obliterates it It 
proves most undeniably, however, that the false membrane is pro 
duced by the secretion of young elements upon the irritated 
mucous surface, followed by their gradual stiffening, sclerosis, 
glassy swelling, or whatever term we may choose to apply to 
their degeneration. Accordingly, the false membrane occupies 
the precise position which belongs of right to the epithelium ; 
the degeneration in question taking the place of the normal 
evolution of epithelial elements. What becomes of the original 
epithelial investment of the affected region? Has it been 
simply shed, or does it, too, take part in the formation of the 
false membrane ? E. Wagner has attempted to solve this pro- 
blem in a recent and very valuable investigation, and has 
raised the participation of the epithelium in the morbid pro- 
cess to the rank of a certainly. He describes a very singular 
metamorphosis of the pavement-cells (fig. 1 23), in consequence 
of which the protoplasm disappears at certain points, appa- 
rently receding to certaui branching lines, where it assumes 
a homogeneous aspect, and refracts light more highly than 
ordinary protoplasm. The nucleus disappears; the entire 
cell being represented only by a network of great delicacy, 
resembhng the antlers of a stag in shape. I believe that I have 
myself seen this metamorphosis — at least in its earlier stages — 
along the edges of the false membranes ; but I cannot ascribe 
to it any far-reaching significance as regards their development ; 
the thin stratum of epithelium does not seem to me to possess 
sufficient resources of its own for the construction of a false 
membrane. But I am willing to let the ftiture decide on the 
precise range of Wagner's discovery. 
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§ 366. The intimate connexion between the secreted prodneta 
ttnd the eeereting enrfitce in pfaaryngeal erosp, is tin cause of die 
close adhesion between them at tbe outset of the disease. When 
the Dcemal state is re-established, the morbid oell-metdmorphons 
oomes to sn end ; tbe calls secreted hj the maooQs mam lga ne 
remain noaHered, forming, together with a nnall qoantitj of 
serom which is simoHamonslT- poar«d oat, a thin layer of pom- 
lent flnid ; and tins of ilaelf involres tbe detachment of the false 



27otwitliBtBnding the superficial dianoter of ■^mryageti 
croap, it is a very dangerous affeotion, owing partly to Ae 
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Fibrinoas degeneration of paTemeBt-coUa (after E. Wagm^. 
constitutional distnrbance which attends it, partly to the risk of 
laryngeal complications ; &e pharyngeal angina being associated 
with a laryngeal angina, dne fo a swelling of the snbmnoous 
connective tissne, which may asemne alarming proportions. 

§ 367. Cronpons inflammation of tlie i^btnz and tbachxa 
presents ns with a serial snceesaitm of simple catarrh and psendo- 
inembranons exndation. Even in its catarriial stage it is capable 
of giving rise to the familiar groap of symptoms in their highest 
intensity — nay, even to death itself. The laryngeal mncoos 
membrane is acutely infismed, and proportionately swollen ; it 
secretes a visoid and tenaeions mucus, rich in cells ; this forms 
a thiok, adhesive, yellowiah I^«r, oontraoting the already nar- 
row chink of the glottis to sacJi a degree, that we need hardly 
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recur to the assumption of reflex ajpaam of the glottis to acoomit 
for death b j apiMsa. Aooordingly, a anmbcr of phyaioians have 
gone so far as to deny the oocurrence of a fibrinous exudation 
altogethw. We must not fall into this error. The development 
of a £dse membrane is coraieeted in the closest manner w^ the 
cataixhal state, and constitutes the anatomical aeme of the mor- 
bid prooess. We often find the two conditions side by side, a 
layer of catarrhal secretion being interspersed here and there 
with patches oi fibrinous exudation. Acetic acid enaUes us to 
distinguish at once between the muco-purulent and the fibrinous 
elements ; no uncertainty is therefore possible upon this point 

Histological examination of the fidse membrane sho ws^first of all, 
that here too^corpuscular elements predominate. These are far more 
easily recognisable than in the pharyngeal false membrane ; they 
resemble for the most part^ the cells of ordinary embr}*onic tissue. 
In vertical sections (fig. 124) however, we find that these em- 
bryonic ceUs are not the only constituents of the false membrane. 
It presents an exquisitely laminated structure, the corpuscular 
layers alternating at tolerably regular intervals with layers of 
fibrin ; those alternate layers recurring fi:om one to ten times, 
in proportion to the thickness of the membrane. Whether I am 
justified in calling the alternate layers ^^ fibrinous '' or not, must 
remain open for the present. I call them so from the first im- 
pression which their configuration makes upon the observer's 
mind, and with the reservation that I mean no more by the 
word than a fluid albuminous substance, which has coagulated 
after transudation on exposure to the air. The substance in 
question is lustrous and homogeneous ; I have not been able to 
resolve it into cells, like those of the pharyngeal false membrane ; 
it forms thin plates with upward and downward processes which 
penetrate into the interstices between the contiguous cells, form- 
ing by their anastomoses a beautiful network, whose meshes 
correspond very nearly to the individual cells (a). Under such 
circumstances, I think we may fairly infer, that a fluid, in wliich 
a large number of cells are suspended, and which holds the 
^^ fibrinoid" substance in solution, has been secreted by the 
mucous surface ; fturther, that the coagulation of tliis fluid has 
fixed the cells in tlieir original position, while the cxtenaiou of 
the coagulation to the lacunar interstices between the spheroidal 
bodies of the cells, has given rise to the appearance of a netv^xirk. 
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Heuce the difficulty of Accounting for the place and mode of 
origin of these cells. The epithelium has long since disappeared ; 
it must have been stripped off at the vei^' outset of the process 
hy the development of the false memhrane, just as in tlic 
pharynx ; admitting the possibility of a fibrinous degeneration, 
such as is described by Wafftier (see § 365), the upperrao^l 
stratum of the network might perhaps be regarded as consisting' 
of the bodies of the columnar epithelia, after their branching and 
stiffening ; this view would lead us, however, to ascribe a diffe- 
rent origin to the different layers of the network ; a lack nf 
uniformity which would be most undesirable. And yet the 
mucous membrane of tlie trachea, stripped of its epithelium, 



Tracheal croup, a. The nndermoat IftyerBofafalse mcmbrauei 
b. The basement-membrane; e. The snb-epitbelial eoi- 
bryonic tissue ; d. Efferent duct of a mncong gUnd, pour- 
ing oat B clear mucus, and peeling olf the false mem- 
brane. T^. 

with its homogeneous basement-membrane, reminds us Iw 
forcibly of the '* open palm " of Charles VII.' not to make tlie 
lacuna in our interpretation very sensible. Our only hope lies 

•In BMlUr's Jungrmn von Orleans {Act i. so. 3) King Charles is 
made to exclaim, deaftairingl; : 

" Kann ich Armeen ana der Erde atampfon, 
Wachst mir ein Kornfeld in der flachen Hand ? " 
" Can I raiae armies from the earth with a stamp of my foot, or gw» 
a cornfield in my open palniP" 

For thia reference 1 am indebted to the kindoesa of Pnrfte'i'r 
Buchheim.— Ta. 
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in the highest magnifyuig powers. With one of HartnacKs 
immersion -lenses, I have succeeded in making out that the 
^Miomogeneous " basement-membrane is not really homogene- 
ous, but perforated by a large number of very fine pores. 
Tlirough these pores the cells, of which tliere is usually a certain 
quantity stored up between the basement-membrane and the 
elastic layers, make their way to the surface. The apertures 
indeed are small ; but is there any aperture so small as not to 
allow the body of a young embryonic cell to slip through it? 
Those who, from personal observation, are familiar with the 
amoeboid movements of these cells, will agree with me in answer- 
ing this query in the negative ; they will also admit that the 
^' homogeneous " basement-membrane presents no obstacle to 
their migration. 

§ 368. The presence of this basement-membrane underlies, 
moreover, another imj)ortant peculiarity of the croupous mem- 
branes of the trachea, sc. that from the very first they adhere less 
closely to the mucous surface than the false membranes of the 
pharynx. Not only does tlie boundary-line between mucous 
membrane and false membrane, between tlie secreting surface 
and the secreted products remain clear and distinct throughout, 
but the smoothness of the surface gives little chance of any 
lasting union ever being brought about between the two. Con- 
sider moreover the activity of the mucous follicles ; the free 
escape of their secretions is often hindered by the superjacent 
false membrane, which they accordingly detach by accumulating 
underneath it (fig. 124). The upshot of all these conditions is 
the ease with which false membranes of the trachea may be 
peeled off, a property on which all our therapeutic measures, 
inadequate as they are, repose. Indeed the separation of the 
false membrane not unfrequently proves the immediate cause of 
death ; the membrane, wholly or partially detached, becoming 
rolled up and completely blocking up the tube. The membranes 
in tracheal croup may undergo softening as well as separation. 
A gelatinous transformation of the network, together with a 
fatty-granular disintegration of the embedded cells, are the chief 
factors in this process. Some observers have detected fungoid 
vegetations in the softened pulp, and have accordmgly ascribed 
more of a putrid character to this liquefaction. The naked-eye 
appearances justify us in calling it a true ^^ melting," inasmuch 
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as the membrane does not merely become fluid at its edges, but 
exhibits thinning and perfomtion at rarious points in its eon- 
timmtj as well, the peiforations uttimatdly becoming eonflnent. 
I hare cmly seem one eaae of this kind ; I recollect that ihe fluid 
jHTodncts of softening yielded a precipitate of mucin on die 
addition c^ acetic acid ; and this led me to speak of a ^^mnooid'' 
softening of the false n^mbrane. 

§ 369. Having discoased the eroopovis prooefls as it presets 
itself in the pharynx and tnxhesLj we may conclude widi a few 
words abotit laryngeal croap. A croapons inflammation, c(hi- 
fined, throi^oat its entire course, to the larynx, is of rare 
occurrence; nevertheless, die laryngeal is the most common 
variety of cronp, inasmuch as it nearly always complicates croup 
of the air-passages, and may also complicate that of the phaiynx. 
The characteristic features in the morbid anatomy of laiyageal 
eroup are due to Hhe fact that the mucous lining of the lairnx 
agrees in its structure, partly with that of ilie phaiynx, purdj 
with that of the trachea. BoA sur&ces of the epiglottis, and the 
true vocal chords, are coated with a laminated pavement-epithe- 
lium^ which is not marked off finom the connective tissue by anj 
homogeneous basement-membnoie* Hence the fiilse memhranes 
adhere more firmly to these, tiian to any other points in Ae 
interior of the larynx. How often, do we find, in making a post- 
mortem examination, that the tradieal &lse membrane, contioa- 
oos with that of the laryngeal ftmnel, is quite loose as far up as 
the rima glottidis, where it is firmly ^^tacJied ; and we feel snre 
that its spontaneous detachment at this point would have required 
a very long time for its accomplishment. Tet it is Just the true 
diords which are especially liable to become inflamed, while the 
ventricle of Morgagni, for instance, is hardly ever affected, from 
an etiological point of view it seems to me very important to lav 
stress upon the preference which the disease exhibits for the 
prominent parts of the mucous membrane, while its recuses are, 
for the most part, intact. It is as tiumgh the pharynx had been 
lightly brushed over with some corrosive agent, or as though 
some irritant gas had been retained fer a short while in ^^ 
upper part of tlie respiratoiy passages. 
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3. Diphtheritic Injlamnuxlicyiu 

§ 370. After the exclusion of what is oommonly known a» 
<< pharyngeal diphtheria" from the domain of diphtheritic in- 
flammation^ the extent of the latter remains comparatively 
limited* We haye already touched upon the ess^itial features 
of the process, in our account of the " diphtheritic pock" (§ 298). 
It consists of an infiltration of newly-fi>nned cells into the sub- 
epithelial connective tissue, as contrasted with the entire mucosa ; 
an infiltration so abundant as to compress the vessels, and to 
arrest both circulation and nutrition. Inasmuch as a certain 
amount of corpuscular infiltration of the subepithelial connective 
tissue occurs in connexion with every catarrh, as well as with 
the croupous form of inflammation, diphtheria may be regarded 
as merely a quantitative increase or excess of this morbid pro- 
lifiaration; true diphtheria having no claim to be regarded 
as a specific process in the same degree as croup. To the 
naked eye, it presents certain characters which have led to 
its being contrasted with the '^ Inflammatio pseudo-membra- 
nacea" as an '^Inflammatio membranacea" ; I re&r to the 
fiormation of a tough, Mted membrane of a greyish-white colour, 
often mottled with shades of red and green (due to blood-pig* 
ment), raised \d the height of about half a line above the level of 
the mucous snr&ce, penetrating downwards into its substance to 
the same extent, and intimately blended with it This mem- 
brane is not a deposit upon, or a secretion ftom the mucous 
sm&ce ; it is the mucous membrane itself so nnich of it at least 
as has been at once tumefied and deprived of blood by the 
excessive corpuscular infiltration. This condition has been 
compared, not inaptly, to mortification caused by a chemical 
irritant, to a corrosion, and the diphtheritic membrane has been 
called a ^^ diphtheritic slou^ " ; the membrane is indeed a caput 
mortuum^ it cannot enter upon any changes save putr^ction 
and decomposition ; we have only to inquire how it is set firee 
from its close organic union with the mucous membrane, and 
oast ofi. Simple inspection is enough to show us that a sharp 
line of demarcation separates the living tissue from the dead ; 
but a number of connective-tissue fibres, blood-vessels, nerves, 
and elastic fibres, pass from the living into the dead parts ; and 
these must all give way before separation can occur. The means 
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at the disposal of the organism are inflammation and suppura- 
tion. We call this form of inflammation " reactive," meaning 
thereby that it is supposed to respond, as it were, to the irritation 
exercised on the surrounding mucous membrane by the diph- 
theritic slough; some portion, however, of the hyperaemia may be 
interpreted as a collateral fluxion, occurring in harmony with 
statical laws (t.^. of a passive, not an active kind). The pus 
collects between the slough and the healthy tissue; the former 
begins to separate at its edges or at its centre, according as the 
fibrous bridges alluded to above, melt and give way in the former 
or the latter order. When the separation is complete, an ulcer 
is left, which tends speedily to cicatrise ; a recrudescence of the 
morbid process not unfrequently occurs, a new slough is formed, 
a renewed necessity arises for a sequestrating suppuration, Uie 
resulting loss of substance being far more considerable than it 
was in the first instance. The scars which are ultimately left 
are very prone to contract, so that the risk of a subsequent 
stricture of the mucous tube (particularly of the large intestine 
after dysentery) is directly proportionate to the extent of the 
previous nictation. 

§ 371. It is worthy of note that diphtheria afiects such 
raucous membranes as are already in a state of violent catarrhal 
inflammation, and whose surface is at the same time in per- 
manent contact with putrescent, decomposing substances. In 
dysentery, which begins as a simple catarrh of the greater 
bowel, accompanied by excessive spasmodic contractions of its 
muscular coat, the diphtheritic process primarUy aflFecte the free 
borders of the mucous folds over the twnice hmgitudvnales and the 
plicos signwidecB; also those natural flexures of the intestinal tube 
where most resistance is offered to the passage of the faaces, sc. 
three successive points in the sigmoid flexure, the coecum, the 
hepatic and splenic flexures of the colon. Now the circumstance, 
that at these points the inflamed mucous membrane is longest 
and most closely in contact with putrid matters, must surely aid 
in the localisation of the diphtheritic process. In much the same 
way, diphtheria complicates those catarrhal affections of the 
urinary passages which are due to retention. Whether the 
retention be caused by stricture of the urethra, by enlarged 
prostate, by paralysis of the detrusor muscle, Ac., the stagnant 
urine becomes decomposed, and sets up a catarrh passing into 
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diphtheria of the muoocis surface. Contact with putrid matter 
also contributes to cause those diphtheritic lesions which occur, 
not on a catarrhal, but on a denuded surface. I refer to diph- 
theria of the womb and vagina immediately after parturition, 
when the shedding of the decidua has left the uterine parenchyma 
improtected and raw, like an amputated stump ; I refer to the 
diphtheria which occasionally complicates the second stage of 
Asiatic cholera, after the violent catarrh of the first stage has 
stripped the mucous membrane of all its epithelium, and left it 
a prey, in this its ^^ flayed'* condition, to the direct influence of 
the intestinal contents ; finally I refer — although this has really 
nothing to do with the mucous tract — ^to that diphtheria of 
wounds which is known as hospital gangrene. 

On the other hand, it cannot be denied tliat the element of 
putridity may also reside within the organism ; that there is a. 
state of the fluids in the individual which predisposes him to 
become affected by diphtheritic inflammations — or, to speak 
more accurately — ^which predisposes any inflammation, otherwise 
excited, to take on a diphtheritic character. Many diphtheritic 
inflammations of the pharynx and alimentary canal, complicating 
the last stages of maladies which profoundly afiect nutrition, 
may be thus explained. In conclusion, I must not omit aU 
reference to a statement which has over and over again been 
repeated {LHzerieh)^ to the efiect that diphtheritic inflamma- 
tion is due to the germination of a fimgus upon ulcerated and 
mucous surfaces. Although I am by no means hostile to this 
view, I do not regard it as well enough established to warrant 
my bestowing any lengthy notice upon it on the present 
occasion. 

b. HiEUORRHAGE. 

§ 372. I am by no means sure that my grouping the various 
matters which I propose to discuss in the present chapter, under 
the common head of '^ Hsemorrhage,'* will meet with universal 
approval. The reader^s attention has ah*eady been called (§§ 353 
and 240) to the facilities afforded by the arrangement of the 
capillaries in the gastro-intestinal mucous membrane, for the 
occurrence of hyperamia and hemorrhage. Li the more lively 
contractions of the muscular coat, which accompany catarrhs even 
of trifling intensity, but which are especially characteristic of 

28 
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their dysenteric fonn, we saw a reason for the extniTantioii of 
blood eidier into the parenchyma of the mnoons mem b rane, or 
upon its smrface. Now on the gastric and duodenal moeoas 
membrane there occur a series of conditions, characterised by 
loss of substance, which may very plausibly be referred to ante- 
cedent parenchymatooB haemorrhages — to hasmorrfaagie infaxe- 
tions of the maeaas membrane. This view is generally adopted to 
explain slsmohrhaoic sbosioks. Under this term we under- 
stand certain sharply-circumscribed, circular defects of tiie 
muc o us sur&oe, no larger than a pin^s head, whidi commonly 
occur in great numbers, their favourite seat beii^ on the fiiee 
herders of iihe mucous folds in the pyloric region; The fre- 
quency of haemorrhagic infiltrations of the same siee and shape, 
existing side by side with the erosions, raises the probability of 
their ori^nating in this way to a certainty; Moreover there 
is usually a history of attempts at vomiting, to account for the 
presence of the baemorrhagic extravasations; so that we may 
iairly assume the sequence of phenomena to have been some thin g 
lib thlB: the atTof vomiting, hj temporaribr arrestiBgZ 
return of blood, causes minute extravasations from the superfidal 
venous radicles of the gastric mucous membrane ; these oecm* on 
the free borders of the folds, the extreme parte of tiie congested 
area, where the blood- pressure must attain its maximum intensify. 
The extravasated blood-corpuscles infiltrate a cireumserSwd 
patch of the mucous membrane to such an extent as to compress 
the capillaries, thus putting a stop to circulation and nutritioii. 
The baemorrhagic infarction becomes a c(q>ut moffimm, its 
organic union with the healthy mucous membrane is at an end, 
and its actual detachment becomes merely a question of time. 
When we reflect] how easily the gastric juice can dissolve such 
dead parts as these hsBmorrhagic infarctions, we shall readOy 
understand how it comes about that a very few hours after the 
bleeding has occurred, we should find, in place of the infarstion, 
that sharply-defined and regular loss of substance, to wfaidi 
CrnveUhier fraxB the name of " ^osion h&norrfaagiquc/' 

§ 373. I agree widi many oth^ observers in asstgnhig a 
similar mode of origin to the simple (chronic, circular, perforat- 
ing) ULCxat OF THE STOMACH. On December 4th, 1865, a man 
was admitted into the surgical wards at Bonn with a strangu- 
lated inguinal hernia. He had been vomiting continually from 
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5 A.M. UnsaiA^efldlul attempts had been made to rednee the 
hernia. At 7 p.m. operation, followed by relief. On the even** 
ing of Dee. 5, all onema was followed by a oopions stool of a 
dark^brown ooloor ; on the Gih another stod was passed, eon- 
sistin;^ of black, altered blood. Daring the night between the 
6th and 7th, nansea and retching ; oft the nM^ming of the 7tb 
vomiting of lamps, streaked at first witii bile, and later with 
blood ; this fireqnently recnrred tkronghout the day, and las^>i 
with brief intermissions nntil the pati^it's death at 9 p. if. At 
the post-mortem examination, performed one honr after death, 
the stomach presented, besides sereral hsemorrhagio in&rotions 
of smaller dimensions, two circular foci of equal size, symme- 
d:rically disposed on either side of the middle line of the lesser 
curvature ; of these, one was a perfect example of a simple ulcer, 
while the other presented the appeidranee of a hasmorrhagio in- 
farction of the gastric mucous membrane of correqKmding si;^. 

For prolix hypotheses conoerning the posrible or ptobable 
mode of origin of gastric ulcer, which would outmn the limits 
of this manual, I substitute the above plain record of a case with 
a post-mortem. And tliis I do, partly in oider to substantiate 
the view which I have adopted, partly also to point out how 
very unstable all those theoretical arguments must be, seeing 
that the results of a single post-mortem are still of such import- 
ance in the settlement of the question. 

§ 374. The simple ulcer accordingly originates in a hsBmor*- 
rhagic in&rction. This involves the entire thidmess of the 
mueous membrane. In fine sections througli the above speci- 
men, I was everywhere able to demonstrate the bodies of the 
tubular glands bathed in blood-corpuscles, although embedded 
in the dot. The solution and removal (digestion) of the iniarc- 
tion by tlie gastric juice, leaves a corre^Kmding loss of sub- 
stance ; the simple ulcer is complete. It may get bigger, it may 
go on to the dreaded issue of perforation ; or it may, on the 
other hand, contract and dcatrise ; I repeat however, that it is 
complete in all essential partictdars the moment the infarction is 
detflehed. 

First among its essential features is its eirealar outlinei I 
ought to say, the circular outline of its base, for its shape as a 
whole is tlrai of a very shallow cone, vrbsfse base is directed 
towards the surface of the mucom^ membrane) while its apex is 
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excentric in position, penetrating into one of the deeper layers of 
the gastric wall. If we would know the cause of this conical 
or funnel shape, we must go back to the hsemorrhagic infarction 
as the starting-point of the lesion. like every other hsemor- 
rhagic infarction (of the lungs, kidneys, &c), this is limited to 
the area of distribution of a single vessel ; now the vascular 
territories of the stomach possess the form of shallow, obliquely 
truncated cones, whose apices are directed upwards in the upper 
half of the organ, downwards in its lower half. This explains 
how it is that the deepest point of the funnel-shaped crater Ls 
situated, not under the centre of the hole in the mucous 
membrane, but nearer its upper or its lower edge as the case 
maybe. 

Another, not less characteristic feature of the simple ulcer, is 
the exceeding sharpness of its edge, and the absence of any raised 
border. The mucous membrane looks as though a hole had 
been cut in it with a punch. The submucous tissue is as clean 
and white as though it had been carefully dissected ; and if the 
ulcer perforates it also, the perforation is circular and sharply 
cut, showing the muscular coat with its transverse bundles as if 
dissected out. It would seem as though the formative reaction 
at the base and edges of the ulcer were quite insignificant; 
moreover, that the digestive solution followed so closely upon the 
heels of the plastic infiltration, as to prevent our ever getting a 
glimpse of the latter at all. The veiy chronic character of the 
process, which often drags through more than one decenninm, 
is in favour of the former assumption ; while the latter is sup- 
ported by the fact that the simple ulcer is only found in the 
stomach and the upper part of the duodenum, t.e. only in that part 
of the alimentary canal where its contents are acid, and where 
the solution of albuminous substances takes place most rapidly. 

§ 375. As regards the further progress of the simple ulcer, 
the possibility of its cicatrisation has already been referred to. 
The smaller and more recent the lesion, the sooner may the 
formation of the ^^ stellate cicatrix*' be expected to occur; ue, 
of that minute, white, flattened scar, which replaces a loss of 
substance perhaps ten times as large as itself, and whidi must 
necessarily contract and pucker the neighbouring mucous mem* 
brane. Ulcers of larger size may also become cicatrised| but this 
does not commonly occur ; when it does, it may lead to such 
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extensive contractions of the stomach at its middle part, as to 
subject the patient to a fresh series of troubles. 

On the other hand, the gradual extension of the original 
ulcer exposes the patient's life to three sets of risks. For 
when the ulcer continues to increase in depth slowly but un- 
ceasingly — 

1. It may open into a large vessel, and so cause fintal bleed- 
ing into the stomacL Such an issue is most frequent in the 
case of those ulcers which are situated on the posterior aspect of 
the stomach, just over the course of the splenic artery ; some- 
times, however, it is the trunk originally supplying the affected 
area which is laid open per diabrosin; the hsdmorrhage then 
occurring from a branch of the coronary or gastro-epiploic 
arteries. 

2. It may open into the peritoneal cavity. This usually 
occurs by a circular hole of fair size, which can hardly be pro- 
duced otherwise than by necrosis of the base of the ulcer, and 
detachment of the necrosed part. This accident is most common 
in the case of duodenal ulcers ; next in order of frequency come 
ulcers on the anterior wall of the stomach, inasmuch as during 
the various movements and changes of place which the organ 
undergoes, its anterior surface moves up and down over a con- 
siderable area of the opposite peritoneal surface, a circumstance 
very unfavourable, nay, antagonistic to any prophylactic adhesion. 
The possibility of such conservative peritonitis is clearly shown by 
ulcers situated on the posterior wall of the stomach and in the 
pyloric region ; these are almost invariably found to have con- 
tracted adhesions to neighbouring viscera, such as the liver, 
pancreas, spleen, &c., before the occurrence of perforation. 
This wards off the risk of a rapidly fatal peritonitis ; the result 
is one which we, as physicians, would endeavour to compass if 
we could. We must not shut our eyes to the fact, however, that 
this very bridging-over of the interval between two layers of 
peritoneum opens a new field for the destructive activity of the 
ulcer, which may proceed — 

3. To burrow into a neighbouring organ and destroy it layer 
by layer. The spleen and the left lobe of the liver are most 
liable to be thus invaded ; and as the destructive process advances 
with greater ease in their soft parenchyma, than in the walls of 
the stomach and the connective tissue of the adhesion, they 
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gpMdiljr becoaie lioUow^d out into laige tsariiies^ ivhieh oommu- 
iiicate with the stomaoh by a nacrow opening. More rar dy doe& 
the nker Jbncrow into ihe head of the paDoreas ; rarest of all is 
adhesion between the aiomadi and ookn^ whereby these divineDs 
of the alimentary oanal are made to commnnicate^ giving rise to 
the symptoms of lienteric diarrhoea. I have seen a ease in 
which adhesion and aubseqnent perforation united the pyloms 
with ihe gaU^Uadder ; gallstones being subsequently formed sod 
disobarged by Tomiting. 



c. Speoific Inflammatiok. 

1. Typhus.* 

§ 876. Jhe typhous process, in by &r the most frequent 
mode of its occurrenoey ileoiyphus (typhus abdomindU) is asso- 
ciated with certain changes in the mucous membrane of the 
intestine^ which undeniably possess special anatomical pecn- 
liarities* Like those of syphilitic gummatai leprosy , and tubercb, 
these special characteristics arc manifested rather in the coaner 
anatomy, than in the finer structure, of the morbid products. 
The attention of physicians has only been directed to them sinoe 
the third decade of the present century. They were originaSy 
described as ^^ inflammation of Peyer's patches '' ; then ffeuainger 
pointed out their similarity to medullary cancer; BokUanAi 
compared the aspect and consistency of tibe altered patches to 
the cerebral medulla of young cbildren,..and introduced the tenn 
^^jnednjyiary infiltration/' which is still in use, to designate their 
appeanmce when mature. 

Concerning the relation of the intestinal and other anato- 
mical changes (splenic enlargement) to the constitational dis- 
order^ great difiecenoes of opinion still exist The Vienna school 
considered the changes in the bowel as a mode of eliminatiBg 
the {>ecQant matters fiom the blood ; at the present day, we have 
only two alternative opinions fi*om which to choose; we may 
vegucd the bowel-lesions as standing in the relation of an exan- 
tbem towards the constitational disorder, or we may ascribe them 

* For reasons alluded to in § 112, note, I hare kept the generic term 
** Typhus'" employed by the author. It is self-erident that the chapter 
f^fRV-solMlf to Abdominal typhus orent«rio ferer.— Ta. 
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to the local action of the typhoid poison , inasmadh as they arc 
prodooed in those very organs which are probably, aocordiag to 
recent investigations (enteric fever from drinking-water), the 
chaimeLB throogh which the poison is introdnoed into the system. 

§ 377. Several stages have been distingnished in the course 
of abdominal typhus ; the catarrhal stage, the stage of medullary 
infiltration, the stage of degeneration, and that of nieeration. 
Wo will retain these divisions, premising however, that the 
general catarrh of the alimentary tract which ushers in the pro- 
Mss, may continue, without undergoing any marked abatement, 
until the final stage. Strictly therefore, the divisicHi into stages 
is only applicable to the special alterations in the lympliatic 
follicles, on which indeed the attention of the anatomist is con- 
ottntrated from an early period. During the catandial stage 
(which seldom comes under observation), all the Foyer's patches, 
and the solitary follicles of the small and great intestine, beoome 
swollen in the manner described in § 350. The greyish, pearly 
nodule, surrounded by its dose web of vessels, is the acme of the 
process in this direction ; thereupon, the swelling f(x the most 
part snbsides entirely, particularly in the solitary glands ; here 
and there, especially in Foyer's patches, the character of the 
swelling undergoes a change, without the occurrences^ suppura- 
tion and expulsion of the follicles ; the latter passing into the 
state of " muddullary infiltration." 

Tins ^^ medullary infiltration" is mainly distinguished, on tlie 
one hand by an enlargement of the fcdlicle, which, may attain 
even six times its normal size, on the other by an extenaiost of the 
morbid process to the perifollicular connective tissue. The follicles 
which, make up a Foyer's patch, coalesce with the interstitial con-^ 
nective tissue to form a soft, rose-coloured, seemingly homoge- 
neous mass, which closely resembles the medullary subsianoe of 
the fisstal brain; the entire patch forms a flattened devation, 
about two lines in height, of an elongated oval outline ; it is 
marh^ off firam the surrounding mucous membrane by a pre- 
cipitoius border. The solitary follicles are converted by the infil- 
tration into marrowy nodules, firom two to four lines in diameter ; 
it is in these, that the extensicm of the morbid process to the 
mucosa is most strikingly apparent ; ^ce the greater part of the 
nodule ifi obviously made up, not of the follicle itself, but of tbe 
mucous membrane which covers it. 
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§ 378. What light docs the microscope throw upon this 
<< medullary infiltration^'? Docs it enable us to detect any 
typical tissue-change, which, independently in some measure of 
pre-existing structure, is able to generate ^^ typhous " products 
wherever connective tissue or lymphatic elements may happen to 
exist? May we speak of a ^Hyphens " product in the same 
sense as of a cancerous, sarcomatous, or syphilitic product? I 
feel myself entitled to the credit of having done my best to 
penetrate into the anatomical essence of the typhoid process, with 
the aid of the most recent methods of investigation. The results, 
however, have not proved equal to my expectations. Other 
observers have described corpuscular and nuclear proliferation as 
the only demonstrable appearances. I will venture a step farther, 
and call attention to some points which, in the general absence 
of " peculiarities," seem to be worthy of being put on record. 
First then, let me refer to the enormous dilatation of the capil- 
laries and arterioles in tlie parts affected with medullary infiltra- 
tion. The double contour of their walls is represented merely 
by a sharp line of demarcation between the pai*enchyma and the 
blood ; the blood seems occasionally to have become quite stag- 
nant, if we may judge by the appearance of the colourless cor- 
puscles, which, just as in cases of slow coagulation, have become 
aggregated into little clusters, occupying, without any admix- 
ture of red ones, the whole interior of a capillary vessel for short 
portions of its course. Notwithstanding this however, ecchymoses 
are rare ; probably because the elastic reaction of the proliferated 
parenchyma is too powerful to allow of their production. 

As regards tlie morbid products themselves, I have already 
pointed out (in § 112) that the process does not consist merely 
of a numerical multiplication of elementary parts, as in catar- 
rhal inflammation, but that in addition to this numerical increase, 
which is undoubtedly very considerable, there is an increase in 
the size of the individual elements, a tendency towards the pro- 
duction of a specific "typhous" cell. The individual evolution 
appears indeed to culminate in the production of this " typhous'^ 
cell, a structure which difiers from the simple lymph-corpusde, 
by containing a larger proportionate amount of protoplasm. The 
protoplasm of a lymph-corpuscle barely equals the contained 
nucleus in amount; whereas in the "typhous" cell, it always 
takes up as much, on an average even more spaoe than the 
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nucleus. The "typhous" cell represents the first step towards, 
as it were a foreshadowing of, epitlielial differentiation : it would 
seem, however, as though this augmentation of the protoplasm 
lacked the solidity and durability of epithelial development, inas- 
much as the " typhous" cells remain but a short while at their 
acme, and speedily fall a prey to necrobiotic change. 

Finally, as regards the peculiar rosy, homogeneous tint of 
the entire mass, it is explained by the dark-red hue of the 
turgid capillary network being toned down to a uniform flesh- 
colour, by the homogeneous medium through which we see it. 

§ 379. The anatomical alterations culminate in medullary 
infiltration. This is followed by retrograde metamorphoses, 
which may set in in diverse ways. The great majority of the 
infiltrated patches gradually retum to their normal state by a 
"colliquative softening." The "typhous" cells become disin- 
tegrated into oily debrisy which are absorbed as chyle. There- 
upon the swelling disappears, the follicles being the first to sub- 
side; the Peyer's patch presents a reticulated aspect {surface 
rkiculie) owing to the collapse of the follicles ; the little hollows 
which correspond to them forming the meshes of a network, 
whose trabeculse are represented by the interstitial connective 
tissue which still continues infiltrated. When the latter is also 
freed from the infiltrated products, nothing more remains to be 
done save a gradual restitution of the lost parts, which appears 
to begin at once. 

§ 380. But this " colliquative softening " is not the only way 
in which the morbid products may be got rid of; another and a 
more severe issue, is " sloughing " of the deposit. We found 
that nearly all the lymphatic structures in the wall of the alimen- 
tary canal were implicated during the catarrhal stage ; we found 
a marked limitation and concentration of the process in the stage 
of medullary infiltration ; now in the stage of sloughing, a ftu*ther 
and much the most striking reduction in the extent of the mor- 
bid process, takes place. Small portions of single Poyerian 
patches, portions varying from a lentil to a size of firom three- 
fourths to five-fourths of an inch, with here and there a solitary 
gland, assume a yellowish-white, opaque tint instead of their 
former reddish and translucent aspect ; they are detached from 
the smrrounding tissue by a sharp line of demarcation, and then 
pass into a state of cheesy necrosis. When once this has occurred, 
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recovery oan only take place by expulsion of the necrosed parts 
and consequent ulceration. An increased degree of congestion 
at the edges of the slough, is followed by suppuration, and detach- 
ment of the dead part ; the latter continues, however, to hang on 
tat a long time to the base or edges of the ulcer, and acquires a 
yellow, green, or brown tint, by contact with and imbibition of 
bile-pigment It finally comes away in shreds, leaving an ulcer 
whose sise is determined by that of the slough, and whose floor 
is usually composed of the deepest layer of the submucous con- 
nective tiflsue. In severe cases the ulcer penetrates still more 
deeply, and the expulsion of the sequestrum coincides witli per- 
foration into the peritoneal cavity. In such cases wo may infer 
that the infiltration extended from the first, not only through the 
entire thickness of the submucous tissue, but also through the 
interstitial connective tissue of the muscular coat, to the sub- 
serous and serous layers. 

The faealuig of these typhoid ulcers follows at once upon the 
sequestrating inflammation. No sooner is tlie slough thrown off', 
than a small quantity of embryonic tissue springs up on the floor 
of the ulcer ; the precipitous abruptness of its edges is under- 
mined by a colliquative softening ; the collapsed border over- 
hangs a portion of the denuded floor, to which it speedily 
becomcB attached by cicatricial tissue ; the central part, whidi is 
still naked, comes at a later period to form a smooth, lustrous 
surface, with pigmented edges, on which neither villi, glands, 
nor any of the other component elements of a mucous membrane, 
are ever regenerated. By transmitted light, these patches appear 
thin and tranq>arent ; this is due to the absence of a mucous 
layer. 

As regards the intestinal luemorrhages which occasionally 
complicate abdominal typhus, it may be remarked that the 
frequent, trifling, and harmless ones, occur by diapedesis fix>m 
the over-congested edges of the ulcers ; the more severe bleed- 
ings, firom those larger vessels, which served at one time to con- 
vey blood to the necrosed tissues, and which are now liable to be 
torn, perhaps in consequence of premature detachment of the 
sequeaiara by passing f»cal masses. 

§ 38L So mneh for the morbid changes in the mucous 
membrane. In cnnslant associatimi with them, we find jm affso- 
tion of ihca» meseBteric glands which draw thdr lymph fimn the 
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infiUmted ^rtions of the bowel. As the ileum is always most 
inteoeelj affeoted for about twelve inches above the ileo-coecal 
valve^it is here that we may expect to £nd the most perfect 
examples of the morbid changes in the lymphatic glands. lu 
their histologi0al characters these faithfully reproduce the 
primary disorder. A moderate degree of catarrhal swelling is 
followed by a medullary intumescence of colossal proportions^ 
nearly approaching those of scrofulous enlargement. It becomes 
impossible to distinguish the boundary- line between cortical and 
medullary substance with the naked eye. The microscope shows 
that the follides and their prolongations into the medulla (the 
lymphatic nodules and trabecule) are the chief seat of morbid 
change, while the lymph-sinuses, and especiaUy the connective 
tiseuci are infiltrated with ^^ typhous " elements to only a mode- 
rate extent Here — ue. in the lymphatic nodules^ of which from 
fifteen to twenty may, as we know, be counted in a longitudinal 
section through a gland of average size— we meet, first, witli 
that inordinate .dilatation of the capillary network which seems 
to me to. he. the xoost charaofceristic feature of the medullaiy con- 
dition. Bide by side with this dilatation, we may often note an 
obvious ^^ plugging " of many capillary loops, and even of some 
of the larger vessels, with a dark, granular matter, concerning 
whose nature I am still in doubt. Further, the condition of the 
adenoid aefciQulttm is very singular. All its trabeculsa are from 
three to £ov jtimes thicker than usual ; the nodal points are 
eqMcially awollen, the Jiudei themselves vesicular; the old 
anastomotic Jiebwork of corpuscles has obviously returned to life, 
the ahxxmken cells have grown plump by the absorption of pabu- 
lum, the nuclei are ready to resume their function as cytoblasts. 
The CQintimiity of the network is already interrupted at many 
points ; the resulting gaps being occupied by globular aggrega- 
tions of •cells. .The proliferation is mmfy fissiparous, though 
the endogenous . mode is also not nnfrequonL The edges of the 
lymphatic trabeculse— ^ihe brink of the stream of lymph— are 
often so thiokly studded with mother-oeIls> that these even out- 
number the ordinary lymph-corpuscles. JSere too, the process 
ultimolely tends to the development of iho maximum number of 
<< typhous" cells* The acme onoe reached, eveiy.apace in the 
interior 'of the glaod which is not iwe-4Monpied by the vessels — 
among others the ^ymph-j^th itself is ^;oi;ged with these 
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elements. It is impossible, even with the best injecting flaids, to 
fill the Ijmph-path of the infiltrated gland; indeed injection 
serves to show the stage at which the process has arrived. Here 
too, the law which regulates all other progressive changes in the 
lymphatic glands (scrofulosis, cancer, &c.) is foond to hold good, 
viz. that the swelling should begin at the periphery of the gland, 
in those parts of it which are nearest the seat of primary disease 
from which the infecting lymph is drawn, spreading gradually 
from thence to the entire parenchyma. The degenerative 
changes follow the same order. These almost always consist of 
a ^* colliquative softening," with complete fatty degeneration of 
all the ^^ iyphous " cells. Inasmuch, however, as all the lymph- 
corpuscles and connective-tissue corpuscles, {.e. nearly all the 
normal corpuscular elements of the gland, have been converted 
into ^^ typhous " matter, we may readily imderstand how it 
comes that hardly anything is left beyond the capsule and the 
blood-vessels. The uttermost limits of collapse are reached ; the 
antecedent congestion has already given rise to distinct exfra- 
vasations with subsequent pigmentation in the capsule, so that 
a slaty discoloration figures among the characteristic features of 
the shrunken " typhous " gland. 

The occurrence of cheesy necrosis at one or more points of 
a mesenteric gland m abdominal typhus, must be regarded as a 
rare phenomenon. Virchaw has repeatedly called attention to its 
possibility. The cheesy slough is then detadied by a suppurative 
inflammation, and a minute abscess results. This may burst 
into the peritoneal cavity ; hence the risk of peritonitis ; on the 
other hand, the pus may become inspissated, and finally c^- 
careous. The earthy nodule is invested with a capsule of 
connective tissue, like any other foreign body, and the process is 
at an end* 

§ 382. All the remaining forms of swelling, productive ac- 
tivity, &c, which are associated with the '^ iyphous" process, are 

' found, upon analysis, to consist of the same series of progressive 

and retrogressive changes. We know least about the fine 
anatomy of the splenic enlargement ; the relative proportion of 

P congestion to morbid growth, has not yet been ascertained for the 

different stages of the disease. True medullary infiltration has 
been detected here and there in the Malpighian corpuscles. The 
^^ typhous" deposits which are occasionally met with in the 
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serous membranes, the liver, and the kidneys, are precisely 
analogoos to the changes in the intestinal mucous membrane. 
The alterations in the fibres of voluntary muscle {Zenker) will be 
fully described hereafter (§ 756). 

2. Tubereuloeis. 

§ 383. Before beginning the study of tuberculosis as it 
occurs in mucous membranes, we must learn to discriminate 
carefully between tuberculous disease of mucous membranes, and 
those diseases of the mucous membranes which occur in tuber- 
culous patients. It is only in a few instances that the develop- 
ment and decay of tubercles constitute the sum-total of the 
morbid changes ; in a somewhat larger proportion of cases, they 
form the leading feature of the disease; as a general rule 
however, the actual growth of tubercles occupies a relatively 
subordinate position, in comparison with the non- tubercular 
alterations, serving as a sort of excitant or guiding impulse — ^as 
a standing witness to the specific and incurable nature of the 
malady. 

§ 384. Tuberculosis of the uro-genital mucous mek- 
BRAIOB afibrds the best example of the changes which tuberculosis 
per 8€ is capable of effecting — of the disturbances which may be 
ascribed exclusively to it. The tuberculous ulcer of the minary 
bladder is a sharply-circumscribed, more or less circular defect 
in the mucous membrane, with a dirty-yellow, "bacony" infil- 
tration of its base and edges. On closer examination, this bacony 
infiltration proves to consist of ^^true*' tubercles; miliary 
nodules, some grey, some cheesy, packed closely together, form 
the floor and edges of the ulcer, while the youngest and smallest 
granulations serve to extend the process, and are scattered, far 
in advance of the rest, through the healthy parenchyma of the 
mucous membrane. In fact, the growth of miliary tubercles 
takes the place of the ^^ plastic infiltration" of common infiam- 
mation ; while their cheesy metamorphosis, softening, and dis-^ 
integration, stand for the subsequent destructive suppuration. 
Side by side with the older and mature ulcers, we usually find 
the first beginnings of the disorder in the form of solitary, grey 
or cheesy, miliary nodules, disseminated through the most super-- 
ficial layer of the connective tissue of the muoosa; others 
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again, forming small dusters, and already exhibiting a mimite 
central cavity. The gradual and uniform extension of ihe 
growing and softening tubercles from these centres, neeSBflmly 
gives rise in the first place to a circular ulcer, the ^' lentieaiar 
tuberculous ulcer," Several such ulcers, becoming conflaent, 
form secondary ulcerations of larger size, whose outlines are 
most irregular. These gradually extend over progressively 
^vider areas of the mucons surface, until at length the de- 
nuded' parts exceed the healthy snrfece in amount, the rela- 
tively intact portions forming narrow borders between adjoining 
ulcers. 

§ 385. These observations, which primarily refer to tuber- 
culosis of the urinary bladder, may be transferred to any part 
of the uro-genital tract, and particularly to the lining membrane 
of the ureters. The anatomical appearances in the latter case 
however, are markedly complicated by the introduction of a 
catarrhal element. The tuberculous ureter is at first only in a 
state of catarrh ; the swollen mucous membrane pours oat a 
thick, viscid, purulent secretion ; and the swelling, together with 
the discharge, may afiect the state of the urine, causing the find 

*f// clinical symptoms of tuberculous disease of the ureters, before a 

single tubercle is formed. Tuberculosis of the womb is seoond- 
iirily complicated with an overgrowth of the connective tissue, 
partly in the submucous, partly in the muscular layer, T^ich 
may attain t^ery considerable proportions ; hence a positive en- 
largement of the organ as a whole, is associated with a progressive 
loss of substance fi*om its inner surface. Even more peculiar is 
the c(nnplication of tuberculous ulceration of the bowels with a 
papillary and polypoid hypertrophy of the unaffected residue of 
the mucous membrane. This may assume such proportions, that 

^ the entire membrane may be masked by the dark^red, congested 

polypi^' as large as peas, between whose bases the ulcerated 
surface itself may escape notice unless looked for. The com- 
plication is not, however, a common one. Far more common, 
j and much more difficult to distinguish from the tubercular 

affection proper, is the combination of tuberculosis with that 
scrofiiloas overgrowth of the lymphatic follicles with which we 
have already become familiar, as it occurs in the lyni{Aatic 
glands (§ 203, e^ seqq.). 

§ 386. The very same regions of the digestive system which 
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we found to be affected in abdominal typfau», are also the 
favourite seat of tuberculosis, 9C the lymphatic glands, Peyer's 
patches, and solitary follicles in the n^ghbourhood of the ileo- 
ooBcal valve. The process however is not restricted, as in 
abdominal typhus, to the lymphatic structures and the parts 
immediately surrounding them ; it starts from them indeed, but 
only to extend farther according to a special law of its own. 
Now it is just these primary changes in the closed fellides which 
are not of a tuberculous nature. The grey intumescence which 
causes enlargement of the individual follicle to about three times 
its normal bulk, depends upon the same one-sided kind of pro- 
liferation of the corpuscular elements in the Ijonph-paths and 
the reticular parenchyma of the follicles, with whidi we are 
familiar as the cause of the scrofulous bubo; the subsequent 
caseation, it is true, differs in no respect from the degenerative 
change to which the true tubercles themselves succumb ; so that 
when once this stage has been reached, it is no longer possible to 
distinguish between the two processes. It is worthy of note, 
moreover, that the disorder of the corresponding mesenteric 
glands is purely of a ^' scrofulous^' kind, and cannot be con- 
founded with the very different anatomical appearances presented 
by genuine tuberculosis of a lymphatic gland. 

The cheesy follicles soften from without inwards, and when 
the cheesy matter is wholly dissolved, we find a sharply-circum- 
scribed hemispherical defect, the so-called ^^ cleansed ulcer," 
environed by relatively healthy tissue. The close proximity of 
the neighbouring follicles to one another in a Peyer's patch, 
may lead, even at this early stage, to a coalescence of several of 
these minute ulcers to form those larger defects which, from 
their being bounded on all sides by segments of a circle, with 
their convexities outwards, have been called '^ racemose ulcera- 
tions." 

§ 387. On examining fine vertical sections through the base 
and edges of one of these ulcers, we notice that it is everywhere 
surrounded by a tolerably wide zone of corpuscular infiltration 
of the connective tissue. But neither in tlie corpuscular elements 
themselves, nor in the mode of their arrangement, can we detect 
anything specific. It would seem, moreover, that the gradual 
extension of the ulcer is essentially due to the progressive 
advance of the infiltration into the neighbouring tissues, and the 
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subsequent resolution of the infiltrated matters upon the ulcerated 
surface. The specific, " tuberculous " element, is accordingly 
quite subordinate in tuberculosis of the intestines. But it would 
be a great mistake to suppose it wholly absent Careful investi- 
gation shows — Ist, The presence of a certain number of miliar}- 
nodules in the tunica adventitia of all the non-capillary vessels, 
and especially of the arteries in the neighbourhood of the ulcer. 
2nd, The strictly tuberculous nature of those granulations whicli 
occasionally spring up on the opposite surface of the intestinal 
wall, in tiie subserous and serous connective tissue, and 
which enable us to ascertain from the outside, the exact position 
of the morbid changes in the mucous membrane. The observa- 
tions recorded in § 115, led me to investigate these struc- 
tures very thoroughly ; and I have assured myself that here too, 
it is the lymphatics which undergo tuberculous degeneration, 
and that the sheaths of the vessels are so manifestly chosen by 
the tuberculous products, only because they also contain the 
efferent lymphatics of the bowel. 

The development of miliary nodules upon the branches of 
the vessels or lymphatics is of especial moment in the present 
instance, inasmuch as it determines the direction in which the 
ulcer of the intestinal mucous membrane must extend. For, in 
marked contrast to the invariably axial configuration of the 
typhoid ulcers, which do not overstep the limits of a Peyer's 
patch, the tuberculous ulcers exhibit a decided tendency to 
spread transversely. They are always tending to become zonu- 
lar ; originating in Peyer's patches, where also they attain their 
greatest width, they push their way over the lateral margins of 
the patch, till their extremes unite on the opposite side of the 
bowel. If we compare the distribution of the blood-vessels witli 
this mode of extension, we cannot fail to see a certain parallelism 
between ihem. The arteries and veins reach the bowel between 
the layers of the mesentery, on the side opposite to the Peyer*s 
patch; from this point they radiate in an arborescent form, 
their trunks and main branches coursing: transverselv across tlie 
intestinal tube, while their finer ramifications meet on the outer 
side of the canal, where the patches are situated. The vascular 
territories of the intestinal wall are accordingly transverse and 
not axial) and any morbid change which is conterminous with a 
vascular area, must to ip90 extend in a transverse direction. 
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Now die disoovery of miliary nodules upon all the ramifications 
of the afferent vessels makes it clear that tuberculosis belongs to 
tliis category ; hence too, we see why it extends across, and not 
along the bowel. 

§ 388. As regards the further consequences of tuberculous 
ulceration of the bowels, I need only say that haBmorrhage and 
perforation may occur, just as in abdominal typhus. Tlie tuber- 
culous infiltration of the vascular wall on the one hand, and of 
the serous membrane on the other, and the necrobiotic detach- 
ment of the infiltrated part, necessarily lead to perforation, now 
into the blood-channel, now into the peritoneal sac. In either 
case however, this accident presupposes the absence of those 
natural safeguards which usually ward off any such extreme 
issues ; in the former instance, timely coagulation of the blood 
in the endangered vessel, in the latter, timely adhesion of the 
serous coat to some other part of the peritoneal surface. I have 
seen a case in which five tuberculous ulcers of the ileum had 
perforated, not however into the peritoneal sac, but into other 
divisions of the bowel, which had previously become adherent 
opposite tlie seat of ulceration. This^ of course, put a stop to all 
peristalsis, the products of digestion circulating without any 
order through numerous false passages in the abdominal cavity, 
inasmuch as tlie fistulous communications were in some cases 
wider than the calibre of the intestinal tube itself. 

§ 389. Passing now to tuberculosis of the labtngeal and 
BRONCHIAL mucous membranes, we enter on a debateable ground, 
where it becomes extremely difficult to ascertain how much of 
the morbid process is really tuberculous. Virchaw does not 
scruple to assert that " tuberculous " ulcers of the larynx actu- 
ally originate from miliary tubercles ; he assigns their produc- 
tion, and extension both in breadth and depth, to a process 
identical with that which we learnt to know in connexion with 
tuberculous ulceration of the mucous lining of the urogenital 
tract. Other observers, as e.g. Ruhley utterly deny the presence 
or participation of miliary granulations in the process ; indeed 
Virchoto is at the pains to explain, that miliary nodules are so 
rarely to be detected in these " tuberculous " ulcers, only 
because tliey are here especially frail and perishable: this 
explanation is equivalent to an admission that they are very 
seldom to be seen. 

29 
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Kow if we undertake a painstaking histological analysis, bv 
examining vertical sections through the affected parts of tlic 
laryngeal and tracheal mucous membranes, and endeavour to 
eliminate whatever is decidedly non-tuberculous, we must begin 
by reftising a q)ecific character to any morbid change in the 
dosed follicles. The fauynx proper, indeed, is not, strictly 
B])eak{ng, furnished with closed follicles ; but they are plentiful 
above ihe epiglottis, at the base of the tongue, on the isthmus 
faucium and the upper part of the pharynx ; and tuberculous 
ulceration of the larynx proper is very commonly associated 
with ulcers due to scrofulous inflammation, proHferation and 
disintegration of these pharyngeal follicles. Further, tlic 
laiyngeal and tracheal ulcerations which start from the orifices 
of the mucous glands, are not to be considered tubercolons. I 
hare elsewhere explained more fully (§ 356) how chronic catarrh 
of the mucous membrane may give rise to dilatation and hjT)er- 
trophy of the mucous glands. I >vill now proceed to descrik^ 
another way in which tibeee organs may become involved in 
chronic catarrhal alterations of mucous surfaces ; and this is one 
which, hitherto at all events, I have only met with in this par- 
ticular regioai and in this particular case. Accordingly I must 
regard it provisionally, as peculiar to the laryngo-traehcal 
mucous membrane, and more especially as a xerj important 
factor in that aggregate of anatomical changes which we include 
under the name of larjmgeal phthisis. 

If we separate the cut edges of a trachea whose mucous 
lining is in a state of chronic catarrhal inflammation, and wi|)e 
away the mucus from its surface, we may readily detect wtli 
the naked eye, the orifices of the mucous glands. In the inter- 
vals between the cartilages they arc very closely set ; here too, 
they ate especially wide ; on a level with the rings they are fewer 
in number and more narrow ; here and there, indeed, they may 
even be quite absent. Now if we squeeze the trachea gently 
from below, these openings are seen to exude small quantitie> 
of visdd mucus, which present a sharp outline and resemble 
grey, translucent dewdrops. Should any one of these droi)s, on 
more careful inspection, exhibit a nari'ow straw-coloured border, 
this indicates that the ulceration in question has alreacty begun. 
For this yellowish border consists of pus, pus produced by the 
subepithelial connective tissue of the follicular duct, and di>- 
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charged into ii» cavity. During the extrusion of the aocnmu- 
lated secretion from the gland, this little drop of pus was the first 
to escape ; it tlien became nnifbrmlj spread out round the edges 
of the drop of mucns which followed it. The pus-formation in 
the eftrent dnct may continue for a time as a purulent catarrh, 
but it must certainly pass, and that soon, into a pns-fimnation 
with loss of substance — ^into xdoeration. A circular, shallow, 
fonnel-shaped nicer is formed, girdled by a narrow zone of a 
bright-yelrlow colour, which marks it off i^arply firom the 
hyperaemie mucous membrane round it In the centre of this 
defect, the dilated orifice of the duct, or the gland itself after 
suppurative destruction of its elements, forms a rounded hollow 
of proportionate siase, which is, at the same time, the deepest part 
of the floor of the nicer ; thus we see that the catarrhal ulcera- 
tion of the gland-ducts is really peculiar enough to warrant our 
disthigttishing it firom allied ccmditions. It is only when the 
nicer prooeeds to extend in depth and breaddi that its primordial 
characters become effaced. The coalescence of contiguons ulcers 
produces e^g, racemose outiines, like those which are nsoally 
held to be characteristic of the ^^ tuberculous '* nicer; indeed 
the racemose form is even more distinctly marked in these cases 
than in tnbercnions lesions of the bowels; The extension of the 
nicer in depth, is favoured by the suppurative destruction of the 
body of the rancons gland. A suppurative inflammation of its 
capsular and interstitial connective tissue, leads to the disintegra- 
tion and solution of the acini ; the entire gland melts away ; 
and when we reflect that the mucous glands of the air-passages 
are sitnated, not in the mucous, but in the submucous layer, we 
can readily perceive that these ulcers must be especially prone to 
produce ^excavations." As a fact, we soon find the floor of 
the nicer close to the tracheal rings, or the laryngeal cartilages ; 
and litis paves the way for a fresh series of lesions. 

Tbe cartilages of the larynx and trachea, owing to their non- 
vascular texture, and their obviously sluggish nutrition, are more 
disposed to undergo necrosis en masse tiian a gradual destruction 
by successive layers. When the inflammatory irritation reaches 
the perichondrium, it not unfirequently happens that before the 
cartilage itself has time to undergo any marked alteration in its 
form, colour and consistency, tiie entire mass is isolated by a 
sujjpujviiive perichondritis ; it becomes a sequestrum, and is 
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ready for expulsion, as soon as the abscess-cavity oommonicates 
with the floor of the ulcer by an aperture large enough to allow 
of its passage. (Arytenoid cartilages.) As a general rule indeed, 
this catastrophe is preceded by a stage of true ulceration ; the 
cartilage is laid bare, though only on one side, that which forms 
the floor of the ulcer — while everywhere else the perichondrium 
continues intimately united to its surface. The advance of the 
destructive process may then be admirably traced in vertical 
sections ; the outermost layers of cartilage-cells are transformed 
by fission into groups of pus-cells, while the cartilage-cavities 
have simultaneously increased in size at the expense of the matrix 
to such a degree, that just before they burst they are actually in 
contact with one another. Hence the floor of the ulcer, so far 
as it lies in the cartilage, is lined throughout with dilated car- 
tilage-capsules full of pus. Meanwhile these alterations, though 
very important, are confined within relatively narrow limits. 
The third or fourth row of cartilage-cells (counting from the 
floor of the ulcer) is quite intact ; at most, the nuclei may be 
beginning to divide. In the trachea, the course of the ulcera- 
tion may lead to the denudation of the majority of the rings on 
their inner surface; one ring after anotlier becomes detached 
fix)m its extremities to its centre ; the separation extending in- 
wards till it is complete, when the entire ring is coughed up. 

§ 390. Seeing that the most severe and extreme lesions of 
the laiynx and trachea may be produced by simple catarrhal 
inflammation and ulceration, we may be tempted to inquire what 
there is left for tuberculosis to accomplish ? Are tubercles present 
at all in ^^ laryngeal phthisis" ? and if present, what part do they 
play ? It is quite clear that my own observations are opposed 
to any unconditional transfer of tlie results, arrived at by study- 
ing tuberculosis of tlie urogenital mucous membrane, concerning 
the mode of origin and extension of ^Huberculous" ulcers, to 
the mucous lining of the larynx. On the contrary, I feel bound 
to insist that the actual destruction in the latter case is operated, 
not by the breaking-down of tubercular deposits, but by the 
known resources of inflammatory proliferation. Nevertheless, I 
am quite convinced, tliat here too, miliary tubercles may un- 
doubtedly be developed; grounding my belief partly on the 
authority of Virchowj who has actually observed true ^^ tuber- 
culous " ulcers in the larynx, partly on certain appearances seen 
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in vertical sections through the ulcers described above, appear- 
ances which I may be aUowed provisionally to regard as due to an 
eruption of miliary granulations. For in these ulcers of the larynx 
and epiglottis, we very frequently meet witli spheroidal clusters 
of cells, situated well below the surface, in the midst of con- 
nective tissue which is still intact These deposits resemble a 
single gland-acinus in size ; when soaked in carmine solution, 
they absorb the colouring-matter far more greedily at their 
edges than towards their centre, a fact which points to a globular 
mode of grouping, and reminds us very forcibly of the behaviour 
of miliary tubercles under the same conditions. These tubercles, 
indeed, are so sparingly disseminated, they appear so very insig- 
nificant in comparison with the inflammatory infiltration of the 
ulcerated surface itself, that I would only regard them as a 
pledge of the connexion of the morbid changes with constitu- 
tional tuberculosis. At most, they could only be raised to the 
dignity of permanent inflammatory irritants, and so made re- 
sponsible for the obstinacy and proneness to recur which is so 
especially marked in these catarrhal inflammations. 

The occurrence of true miliary tubercles on the minute 
bronchi, in the neighbourhood of so-called tuberculous cavities, 
will be discussed in the chapter devoted to the respiratory 
organs. 

rf. TuMOuns. 
1. PapiUomata, 

§ 391. PapiUomata of the mucous membrane must be care- 
fully distinguished from those tuberous and polypoid elevations of 
the mucous surface, which are duo to glandular hypertrophy and 

dihitation. Thev exhibit manv varieties of external form and 

t> * 

situation. 

a. On the mucous lining of the oral cavity, in the vagina, 
just within the anus, in a word, on the transitional semi- 
mucous surfaces, wo find the papillary types of the skin but 
little modified. Instead of the ordinary wart we have roundish, 
sessile, berry-like bodies, attached to the gums or the inner 
surface of the cheeks ; they arc very similar to condylomata, 
differing only in the greater toughness of their epitlielial cover- 
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ing. Condylomata, botli flat and jtointed, oceur in iormfi wkoee 
purity of type is proportional to the reeemhlanoe of the aiito- 
cfathonous epithelium of the affected part, to that whidi doihes 
these tumours. Nevertheless, the pointed condylomata keep Tory 
strictly to the muco-cutaneoua boundary-line ; while the broad 
and ^at variety is met with here and there, both in the oral 
cavity and in the vagina. 

b. On the mucous membrane of the gall-bladder, the urinary 
bladder, and the os uteri externum — in regions, therefore, which 
are normally lined with columnar or transitional forms of 
epithelium — the papillomata are also invested with columnar 
epitheliunu 

Papilloma of the bladder, also called villous cancer, or rskoate 
correcUy, villous tumour of the bladder, always springs from the 
trigone between the openings of the ureters. At this point a 
rounded, very soft tumour rises from a broad base to a height of 
about an inch above the mucous surface. It is clothed with so 
thick a layer of columnar cells, tliat tlie very wide capillaries 
which shine through, only succeed in giving it a rosy tint, 
making tlie entire mass look not unlike an eucephaloid tumour 
(Markschwamm). In point of fiict, however, the growth has 
notliing wliatever to do with cancer ; on the contraiy, the most 
superficial examination is enough to show that it consists of a 
number of arborescent groups of villi, and of nothing else. 
Tliis quite agrees with recorded cases of extirpation of papil- 
lomata of the iu*inary bladder, not followed by any return of the 
disease. Each of tlie component villi is characterised, on the 
one hand by containing an enormously wide and very thin- 
walled blood-vessel in its axis, which forms a loop with a 
varicose dilatation at its flexure, on the other by the triple or 
quadruple stratum of columnar cells already alluded to, which 
lie so dose upon the vessel that the villus cannot justly be said to 
possess a framework of connective tissue at all. 

Papillomata growing from the external 00, contain more 
connective tissue and fewer blood-vessels ; their epitfaelimn too 
is more scanty. The stout, olnb-shaped terminatienB of the 
dendritic growth, are dotiied with a single layer of eolnmnar 
cells ; nothing like a varicose dilatation of tlbe veaaeh can be 
anywhere discerned. The description df ^^ papilloma (Tstteom^* 
given in § 70 is taken from this variety. 
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In the huiuau guU-bladder wo only nieot with oxeeasively 
minute and insignificant papillomata. On the othar hand, 
Virchaw has placed upon record the case of a oow, whose gall- 
bladder ho examined ; its thickened walls ^^ were beset with 
such multitudes of partly villous, partly cylindrical, solid out- 
growths, that the mucous surface over a certain area seemed to 
have entirely disappeared." 

§ 392. The relations of these papillomata to epithelial cancer 
of the mucous membrane, are both interesting and important. 
Not only has it been shown that a papilloma may pass into an 
epithelioma, and that an epithelioma may be secondarily com- 
plicated by papillary proliferation from the edges and base of the 
ulcer, but it has been repeatedly asserted that the mucous 
membrane over a cancer which is forming m the submucous 
tissue, is prone to become the seat of papillary growtii. For my 
own part, I have never observed anyiJiing of the kind, and I 
cannot therefore express any opinion concerning the intimate 
connexion of these two phenomena. Vh*chow regards the de- 
velopment of the papillomata as a simply hyperplastic change to 
begin witli, excited by the irritation of the adjoining cancerous 
formation ; the possibility of its conversion into a true villous 
CANCEB only beginning, when the carcinoma is propagated by 
continuous infiltration from below, to the connective tissue of 
the papillae. He goes on to say, that the stomach and urinary 
bladder are the chief seats of diese true villous cancers, which 
are probably identical with our own columnar epiiheliomata. 

2. Carcinoniata. 

§ 393. The mucous surfaces, lined as they are with epithe- 
lium, are everj^where disposed to the production of epitheliomata ; 
to that of glandular cancer only in so £u: as they hi^pen to 
contain open glands. To this latter circumstance must be 
ascribed the striking differences between the average liability of 
various regions of the mucous tract to cancer. Moreover, the 
epithelial form seems to prefer the points of junction between 
the several divisions of the mucous tract ; this is mainly owing 
to the pre-eminent exposure of such localities to mechanical 
irritation of some sort, which need not neoessarily be abnormal. 

§ 394. Starting from those orifices of the momus system 
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which are situated in the head, we find^ apart from those can- 
cerous affections of the lips, eyelids, and ala) nasi, which 
properly belong to the skin, a true soft glandular cancer of the 
MUCOUS LiNiKO OF THE NASAL Foss^. In adults, tliis is de- 
veloped on a soil previously made ready for it by a chronic 
hypertrophy of all the structural elements of the mucous mem- 
brane ; in children, it occurs without any preparatory stage. It 
forces its way by preference into the anti*um of Highmore, dis- 
tends the upper jaw, and manifests itself as one of the several 
varieties of what is known as " cancer of the upper jaw." The 
patient succumbs so rapidly to the attendant cachexia, tliat 
surgeons are now very shy of all operative interference. The 
tumour is wholly made up of imperfectly developed gland-tubuli, 
produced by an excessive proliferation of the epithelium of the 
mucous follicles. 

§ 395. In tlie oral cavity, the tongue is a favourite seat of 
cancerous disease. It usually takes the form of a squamous 
epithelioma, which however, in accordance with the greater 
delicacy of the normal squamous epithelium of the tongue, is 
distinguished from the harder squamous epitheliomata of the 
skin by its softness, and a tendency to speedy disintegration. 
The quantity of blood-vessels, lax areolar tissue, and above all, 
of wide lymph-paths with which the tongue is ftimished, ren- 
ders its parenchyma peculiarly favourable to an extension of the 
morbid growth by infiltration. Hence the local mischief assumes 
a foremost place in the history of the disease. The priman- 
nodule is nearly always situated on one or other edge of the 
tongue. It is said that the irritation of a ragged and decaying 
tooth may have some share in causing the cancer. This primary 
nodule is usually extirpated by a V-shaped incision. The disease 
soon recurs however, and the o])eration has to be repeated ; with 
each repetition, the interval between the extirpation and tlie 
return of the disease grows shorter, until at last the entire tongue 
is destroyed. Metastatic deposits may occur both in the nearest 
lymphatic glands, and in the lungs; these secondary deposits 
however, are always of very subordinate importance. 

What is known as soft cancer of the tonsils, is a soft 
lymphadenoid sarcoma which is very prone to invade the pala- 
tine arohes and the isthmus faucium (Choanen). 

§ 396, At the entrance to the respiratory tract we meet 
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with a tolerably soft variety of squamous epithelioma, which 
differs from that of the tongue in its tendency to develope 
papillary outgrowths. In the substratum of the larj^ngeal 
mucous membrane, the tumour meets witli a soil as ill-adapted 
as possible for any extension by way of infiltration. Next to a 
submucous layer made up of perfectly inelastic fibres, comes one 
of fibroid tissue ; beneath this, and throughout the whole of the 
submucous and mucous layers, networks of elastic fibres are 
abundantly distributed. What wonder then if the growth tend 
rather to extend outwards, to form papillary excrescences, for 
years and years before it penetrates into the deeper structures of 
the neck ? * 

§ 397. In the <esophaous, a hard squamous epithelioma 
gives rise, first to a zonular tumour, and then to a zonular ulcer 
with an infiltrated base and edges ; the ulcer extends ; tlic 
mupous membrane may come to be deficient all round the tube 
for a width of two to three inches ; while the base of the 
ulcer may invade, and eat its way into, the neighbouring air- 
passages from without. A perforation through the floor of the 
ulcer into the respiratory passages is a very grave accident. 
This abnormal communication between the alimentary canal and 
the respiratory passages is usually situated, not in the trachea, 
but in the posterior wall of the left bronchus. The left bronchus, 
as is well known, crosses the oesophagus in its middle tliird, and 
this is the point usually selected by oesophageal cancer. It has 
justly been supposed that a mechanical cause of some kind must 
contribute to localise the disease at this particular point ; and 
that cause is to be sought in the fact that c\ery morsel of con- 
siderable size, in passing down the oesophagus, squeezes its 
anterior wall against the posterior wall of the unyielding 
bronchus. Of course perforation of the air-passages is only one 
among many dangers to which tlie victim of oesophageal cancer 
is exposed. The zonular tumour may prove fatal by causing 
stricture ; the extension of the morbid process to the mediasti- 
num may, during the inspiratory fall of tension in the thoracic 
cavity, occasion the entrance of air from the oesophagus into the 
lax areolar tissue which adjoins it, and so give rise to true 
emphysema of the entire subcutaneous tissue ; the base of the 
ulcer may become converted into a regular diverticulum, in 
which the food may lodge and become decomposed, &c. 
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Compared with carciuoma of the middle tliird of the oosophft* 
ga&, cancerous affections of the cardia and other regiona are 
uncommon. I have met, howcv^^ on two separate occaaions, 
with a very superficial and much softer variety of eanofflr, whidi 
had invaded krge sections of the oesophageal tube in a very- 
diffuse way. 

§ 398. The stomach Ins an espeeially rioh repertoire of 
carcinomata; we find, with nearly equal frequency, a soft, a 
hard, and a colloid form of glandular canotf , as well as a 
columnar epithelioma. All the varieties of glandular cancer 
agree in tlieir origin from the mucous membrane proper, extend- 
ing secondarily to the submucous tissue. I lay stress lipon this 
fact, because an essential distinction used to be drawn between 
^^ submucous '' and ^^ mucous" cancers of the stomach. It is 
true that the transition above alluded to usually occurs at a very 
early period, and that the cancerous proliferation advances much 
more rapidly in the wide spaces of the submucous tissue, with 
their numerous lymphatic networks, than in the mucosa proper. 
Hence it is^ therefore, that the cancer frequentiy takes the form 
of a laminar infiltration of the wall of the stomach, over whidi 
the mucous membrane e:^tends, either unaltered or simply 
atrophied, and is freely moveable, wlule it is bound down to the 
subjacent growth at one point only. Now it is from this point 
that the morbid process originally sets out ; this is the oldest part 
of the disease. In most of the cases which come under our 
notice, it is occupied by an ulcer, which has destroyed the place 
of origin of the cancer, and has accordingly made it impossible 
to decide, whether tlie glsmdular elements of the mucous mem- 
brane had any share in the first development of the disease, or 
not. All the more valuable are the statements made by 
Waldeycr (Vircliow^s Arolnv, vol. xli.), who succeeded, not- 
withstanding these obstacles, in establishing the origin of the 
morbid growUi &om the nmoous follicles and peptic glands. 

A veiy usual post-mortem appearance in 9cft cancer of the 
stomach, is that of a single ulcerated patch, several square 
inches in area, surrounded by a border of mucous membrane 
tliickened by infiltration with cancerous elements. The tumour 
has originated, as very often happens, on the lesser curvaioze, 
and has extended downwards fix>m this point both along the 
anterior and the posterior wall of the organ* The uloecatod 



surface itself is ooFerod wiih shredsof tissue, wliicli float when 
a stream of water is poured over them. They are the rcmaius 
of the cancer-stroma, whieh resist destruotion longer than the 
canoer-cells. They iiow besome detached, principally owing to 
the action of the gastric juice, and so give rise to those patho- 
gnomonic haemorrhages in which the blood escapes a drop at a 
time, coagulates forthwith, aud assumes a brownish-black tint ; 
innumeraUe particles of tliis altered blood giving the contents of 
the stomach — the vomited matters — the appearance usually 
described as resembling cofiee-grounds, chocolate, <&c. On 
examining a vertical section through die thickened border of tlio 
ulcer, we see how, on the sound side, the glandular layer of th<j 
mucous membrane is stretclied by the tumour, how ov^er th(^ 
most prominent part of the raised border its thickness is sud- 
denly reduced, the glands being as it were compressed at both 
endn, and the contiguous ones forced asunder. At last tlic 
mucosa proper is only represented by an interrupted chain of 
wasted glands ; between which and the muscular coat, the entirt^ 
tliicknesB of the cancerous mass, which may attain from four to 
8ix lines, intervenes. On the other side of the boundary, tlie 
transition to ulceration is effected by fatty degeneration of 
the cancer-cells. Even the unarmed eye can detect the yellow 
dots and stri«3 of the decaying cancer-tissue, and trace tliem all 
round the floor aud borders of the ulcer. The disintegration 
itself may be hastened by the action of the gastric juice upon the 
necrobiotic tissue ; at least the process is usually more sluggish 
in the precisely analogous affections of the uterus, urinary 
bladder, &c 

The course of acirrhus ventricuU is very different. This 
variety of cancer is far slower in its rate of growth ; starting 
from the lesser curvature, its favourite place of origin, it suc- 
ceeds for the most part in extending round the entire circum- 
ference of the stomach. The submucous and mucous layers are 
converted into a white, fibroid band, from two to three lines 
thick, which, when the gurdle is complete, gives the middle of 
the stomach the appearance of a rigid tube from one to two 
inches in diameter, to which the fiindua is attached like a loose 
bag. The microscope shows a very marked resemblance between 
the arrangement of the epithelial etemsnts and that of glandular 
epithelium. Not that the cells and oaH-nests are eitlicr vcrj- 
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large or very numerous ; on the contrary, the stroma of con- 
nective tissue decidedly predominates. But the form of the 
cell-nests is comparatively regular ; they are elongated tubuli, 
circular in transverse sectioni in which the epithelial elements, 
of small but uniform size, are disposed almost radially, though 
an axial lumen may not be discoverable. 

Colloid cancer of the stomach is also distinguished by its 
prevailing tendency to cause destruction, as opposed to ulcera- 
tion; even before giving way, it invariably becomes zonular. 
It may tlius give rise to very serious stenosis. The ulcerative 
process is a slow disintegration, proceeding from within outwards, 
without haemorrhage or abundant secretion of any sort Were 
it not for the risk of extension to the peritoneum, colloid cancer 
of the stomach would agree with scirrhus in the comparative 
innocence of its primary manifestations. 

As regards the minute structure of this form of cancer, the 
horizontal sections recommended by Koster are so far important, 
that they undoubtedly shift the onus of infiltrative propagation 
to the lymph-paths of the gastric walls. This observer is inclined 
to transfer the results which he has obtained from the investiim- 
tion of Cylindromata (§ 173), with reference to the share taken 
by the endothelia in die process of morbid growth, to colloid 
cancer of the stomach. My notions concerning hard glandular 
cancer, as laid down in § 159, make it quite obvious, that I can 
have no a priori objections to this view. I would regard these 
appearances as indicative of an ^^ epithelial infection" of the 
endothelial elements of the lymphatics, starting originally from 
the glands. But I must beg die reader to obsen^c that my 
attitude, especially as regards the colloid variety of cancer, is 
one of expectation. 

§ 399. The spread of these three varieties of cancer 

OF THE STOMACH TO NEIGHBOURING ORGANS is of high clinical 

importance and anatomical interest. The muscular coat is in- 
volved after the submucous layer. The cancerous infiltration 
follows the narrow bands of interstitial connective tissue between 
the muscular fasciculi. These fasciculi themselves, owing per- 
haps to the continued irritation to which they are exposed, 
undergo a hyperplastic thickening. This is the rule at least in 
the colloid and scirrhous forms of cancer. Li vertical sections 
through the walls of the stomach, we can trace, even with the 
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naked eye, the progressively increasing thickness of the muscular 
bundles as we pass from the healthy to the diseased tissues. If 
we add to this Uie amount of additional matter produced by the 
cancerous degeneration of the interstitial tissue, we can be at no 
loss to account for the muscular coat attaining from three to five 
times its normal thickness. 

Having traversed the muscular coat, the cancer reaches 
the visceral peritonemn. The first nodules then make their 
appearance in the subserous connective tissue. Their arrange- 
ment often shows very clearly their original dependence on 
the course of the muscular fasciculi ; ie. they lie parallel to 
these, in lines which correspond to the intermuscidar septa of 
connective tissue. Soon, however, the adjacent nodules coalesce 
with one another, and we get irregular, flattened lumps, which 
present the special characters of the particular variety of cancer 
to which they belong, in their least complicated form. 

This extension to the peritoneal coat is almost always the 
signal for a general degeneration of the entire sac It is prohaUe 
that the mutual firiction of the viscera may detach bits of the 
cancerous nodules and carry them hither and thither over the 
smooth surfaces of the membrane, until they find their way into 
some fold or recess where tliey give rise to the development of 
a fresh nodule. The general efiect — as V^Miow puts it — is that 
of seeds having been scattered over the peritoneal surface, fitlling 
here and there, and germinating. In this respect, soft and 
scirrhous cancer behave in precisely the same way. The colloid 
variety takes up a position of its own in this as in other matters ; 
it performs the giant task of converting the whole peritoneum 
into a mass of colloid cancer, continuously, witliout any break, 
by a simple process of infilti*ation. The thickness which a single 
peritoneal lamina attains when the infiltration is completed, 
amomits to two or even three lines ; the omentum, as a duplica- 
turc of the membrane, is converted into a plate an inch thick, 
and as hard as a board ; the mesentery and the various ligaments 
follow suit It is self-evident that under such conditions, the 
most important disturbances of peristaltic action are unavoidable. 
The phenomena are usually complicated, moreover, by inflamma- 
tory accidents, by an abundant sero-fibrinous exudation, by 
small haemorrhages and adhesions. Similar accidents also occur 
in tlie course of soft and scirrhous cancer. The scirrhous variety 
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lioirever, exhibits a very remarkable peculiarity in addition, 
doubtless connected with minnter tissue-changes, but the main 
feature of which has hitherto evaded all direct elucidation. I 
refer to the contraction of the connective tissue in the neighbour- 
hood of the scirrhous nodules. The narrowing of the gastric 
cavity, which coincides in point of time with Uie thickening of 
its walls, and which has already been alluded to, must be ascribed 
to this contraction. In this locality however, there is no ho[ie 
of ever arriving at a better knowledge of the process. The 
plienomena are far more open to investigation as thej^ occur in 
the peritoneum. We may expect, in particular, to get at some 
reliable results by examining the transparent texture of the 
ciMploon. This, in point of &ct, shrinks into a rigid cord, with 
eaneerous nodules scattered through its substance, which may 
even, supposing the ascites moderate in amount, be fok through 
the abdominal walls in the region of the transverse colon. If 
we spread it out, and try to ascertain the cause of its shrinking, 
it reminds us, under a low magnifying power, of a cloth, spread 
out fiat, and then clutched and crumpled together from a single 
point, from which the folds all radiate; but instead of the 
crumpled nucleus, we find the smooth, white, scirrhous nodule, 
forming tlie centre of these radiating folds. For my own part, 
I feel convinced that the pre-existing connective tissue really is 
rn some sort used up iu the present case, and that the scirrhous 
nodule, moreover, represents the quantity of connective tissue so 
employed ; but I am not able to offer any opinion about the way 
in which this is brought to pass. 

This degeneration of the peritoneal sac naturally leads to 
rigidity and contraction of the mesentery, and consequently to 
the most serious disturbances of the intestinal peristal^ ; more- 
CfveTy very intimate adhesions usually form between tlie abdo- 
minal viscera, so that the small intestine, for instance, is oflen 
found as it were rolled up into a ball, in the interior of which 
its canal forms the most lal^rinthine convolutions, offering 
difficulties, almost insurmountable to its being traced out by 
dissection. 

§ 400. Instead of the varlons forms of squamous epithelioma 
which we have repeatedly encountered between the Kps and the 
cardiac orifice, we meet, below the cardia, with a tohimnar 
epittielioma. Its favourite seat is in the storaacii, and most 



OABOIKOMATA. 463 

commonly in its pyloric part ; indeed it is often localised on the 
fold of mucous membrane which separates the stomacb from the 
dnodennuL Li this region it gives rise in succesMon, to a flat 
tuberous elevation^ a fungoid tumour with a broad base, and 
finally a polypus ; the latter is often quite spherical , larger than 
a pigeon's egg, with a relatively short pedicle. In this its final 
form, the tumour is admirably fitted to block up the duodenal 
canal, and so, i,e. by hindering the introduction and digestion of 
food, to eause acute marasmus ending in death, unless the growth 
is speedily softened and broken up. When this occ«rs, a smooth 
excavation is left, in whose edges the further extentton of the 
growth may be traced. And here it is closely related to that 
adenoma of the alimentary tract which I have described more 
fully in § 171. 

§ 401. In the lower divisions of the digestive tube, we liaAc 
a soft glandular cancer of the colon, which tends to produce 
zonular ulcerations with a fibroid and therefore firmly-contracted 
base, and so to cause stricture of the bowel with its consequences. 
In the same region we find a superficial adenoma — a variety 
which is also met witli in the rectum (KUbsy Let/den), Squamous 
epithelioHiata of the rectum immediately above the anus, fre- 
quently attain a very considerable size as cauliflower growths, 
before they start from the mucous follicles to invade the deeper 
parts (cf. § 166, Jtote 2). 

§ 402* The uterus exhibits a greater liability to cancerous 
disease than any other part of the urogenital tract (if we class 
cancroid of the penis among tumours of the skin). A good half 
of all the cases of so-called uterine cancer are epitheliomata. 
These originate eitlier from the mucous lining of tibe cervix or 
from the portio vaginalis ; in either case, it is long before the 
boundaiy-line between the portio vaginalis and the canal of the 
cervix is overstepped. Cancroid of the portio vaginalis very com- 
monly originates as a soft papilloma, or cauliflower growth ; tlie 
transition to deeper parts being effected, as in papillomata 
of the skin, by the dislocation of the epithelial boundary into 
the subepithelial connective tissue. Epithelial cancer may give 
rise to very extensive lesions in the uterus. The muscular coat 
offers most resistance. When this has given way, the lax areolar 
tissue between the organs of the true pelvis offers a most favour- 
able soil for the luxuriant extension of the morbid growth. We 
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find a cavity several inches in diameter, whose internal surface 
is coated with the most offensive products of putrefiEUstion, 
bounded above by the still undestroyed remnant of the fundus 
uteri, in front by the posterior wall of the bladder, behind by 
the anterior wall of the rectum ; while the vagina, whose upper 
half is also involved in the destructive process, maintains the 
cavity in communication with the exterior. At a later period, 
perforations occur in the floor of the ulcer; tliat which lays 
open the bladder gives rise to a vesico-vaginal fistula, that into 
the rectum, to a recto-vaginal fistula, while the perforation of 
the peritoneal sac excites peritonitis. It is this latter accident 
indeed, which often brings the lamentable sufferings of such 
patients to a close. 

§ 403. The glandular cancers of the womb are situated in 
the body of the organ. They cause its enlargement, which is 
often considerable and tolerably uniform ; the true pelvis is filled 
up, the rectum and bladder compressed and displaced. On 
opening the organ, its cavity is found to be distorted by the 
cushion-like convexity of its protruding walls ; the walls lliem- 
selves, throughout their entire thickness (up to 3 inches), are of 
a uniform marrowy- white colour ; the line of demarcation be- 
tween the mucous and muscular coats is obliterated, the pro- 
liferating gland-tubuli having made their way through the entire 
thickness of the latter layer. 

§ 404. Li the urinary bladder, the villous cancers which 
grow from the trigone are especially worthy of note {see § 392). 
Besides these, a squamous epithelioma is occasionally, though 
rarely, met with in the calyces and pelves of the kidneys. It 
usually extends at a comparatively early period to the tips of 
the adjoining papilla?, and spreads, forming a milk-white zone of 
infiltration from two to three lines in thickness, into the renal 
parenchyma — a true "phthisis renum cancrosa.*' 
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